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John F. Holt, class of ’47 


speaks from experience when he says... 


“Expanding research 


and product development at U.S. Steel mean 


more opportunities for qualified engineers” 


gree 1952, John F. Holt has been 
Assistant Superintendent of the Coke 
and Coal Chemicals Department at 
United States Steel's new Fairless 
Works in Morrisville, Pa. He started 
working at U.S. Steel—as a trainee—in 
1947. That's a lot of progress in just five 
years. For in his present position, John 
is responsible for both the quality and 
the quantity of all coal chemicals pro- 
duced at the Fairless Works — about 
3,500,000 gallons of light oils per year. 
190 hourly employees and 25 super- 
visory personnel report to him. 


But John’s case of rapid advance- 
ment is not unusual. U.S. Steel has 
always placed great emphasis upon its 
management training programs and 
has provided the kind of training that 
enables ambitious young engineers to 


take over responsible positions within a 
comparatively short time. 

As one example, John feels that the 
opportunities in his own department 
are very promising at this time. He 
says, “Many important new concepts of 
modernization and expansion in such 
fields as the carbonization of coal and 
synthetic products are coming up every 
day pointing the way to extensive fu- 
ture developments. Well-trained engi- 
neers will be in a position to lead the 


SEE THE UNITED STATES STEEL HOUR. It’s a full-hour TV program 
presented every other week by United States Steel. Consult your local 


newspaper for time and station. 


way into these new areas of industry.” 


If you are interested in a challenging 
and rewarding career with United 
States Steel and feel that you can qual- 
ify, you can obtain further information 
from your college placement director. 
Or we will gladly send you our in- 
formative booklet, “Paths of Opportun- 
ity,” upon request. Just write to United 
States Steel Corporation, Personnel 
Division, Room 1622, 525 William Penn 
Place, Pittsburgh 30, Pa. 


UNITED STATES STEEL 


AMERICAN BRIDGE . . AMERICAN STEEL & WIRE and CYCLONE FENCE . . COLUMBIA-GENEVA STEEL . . CONSOLIDATED WESTERN STEEL . . GERRARD STEEL STRAPPING . . NATIONAL TUBE 
OIL WELL SUPPLY . . TENNESSEE COAL & IRON. UNITED STATES STEEL PRODUCTS . . UNITED STATES STEEL SUPPLY . . Divisions of UNITED STATES STEEL CORPORATION, PITTSBURGH 
UNITED STATES STEEL HOMES, INC. - UNION SUPPLY COMPANY - UNITED STATES STEEL EXPORT COMPANY + UNIVERSAL ATLAS CEMENT COMPANY 
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WARD 


FIRE APPARATUS 


PROTECTING COMMUNITIES THROUGHOUT THE WORLD! 


Wherever modern, efficient equipment is required to protect communities from the ravages of fire . . . you'll 
find WARD LA FRANCE apparatus standing by . . . ready to start immediately and to work reliably until the 
job is completed. 


WARD LA FRANCE fire fighting apparatus is specially designed for fire fighting, for the community it serves 
and for conditions to be encountered. 


PUMPERS — LADDER TRUCKS — SQUAD & FLOOD LIGHT TRUCKS 
AERIAL LADDERS — HOSE TRUCKS 


OPPORTUNITIES FOR YOUNG ENGINEERS ——— 


Ward LaFrance Truck Corporation offers exceptional opportunities for young 
men in the fascinating, thrilling field of fire apparatus design. Engineers 
are needed for designing new equipment, for work on special government 
projects and for development work in our special contract department. 


Class Fire Chief 
CORNELL 1912 


WARD LAFRANCE TRUCK CORPORATION - Elmira, N. Y. 


Fire Apparatus Manufacturers for over 37 years 


General Office & Factory Export Direct Factory Branch 
Grand Central Avenue Ward LaFrance International, Inc. 139th Street & Bruckner Blvd. 
Elmira, N.Y., Tel. 3-5631 Elmira, N.Y., U.S.A. New York 54, N.Y. @ Tel. CYpress 2-3300 
Cable address: “Wardtruck” 
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ONLY IRC MAKES SO MANY 
_ BASIC REQUIREMENTS JAN AND MIL TYPE RESISTORS 


‘ JAN and Mil Specifications are basic 

guideposts for electronic advance- ° 

| ment, whether used as engineering . . . another reason why engineers prefer IRC Resistors 

reference points or os procurement 
standards. IRC's dual emphasis on 


mass 56 different IRC resistors is today’s figure—all equiva- 
assures highest rmance standards 

lowest lent to JAN or.MIL specifications. Manufacturers of 

| SPECIFIC EXAMPLES _ military equipment who must meet these specifications 


depend on IRC for all their resistor requirements. 
Offering the widest line of resistors in the industry— 
138 different types in all—IRC is the logical source of 
JAN and MIL type units. 


Type BT Insulated Composition Resistors 
MIL-R-T1A Specification 
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IRC Power Wire Wound Resistors 
MIL-R-26B Specification 


INTERNATIONAL 
RESISTANCE CO. 


401 N. Broad St., Phila. 8, Pa. 
the, Circuit, Says In Canada: International Resistance Co., Toronto, Licensee 


j Type BW Low Wattage Wire Wounds 
JAN-R-184 Specification 


=. 


Sealed Precision Voitmeter Multipliers 
JAN-R-29 Specification - 1 
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It’s not much more than a hop, skip 
and jump to Commencement. And 
engineering seniors are getting together 
for long talks on what they’re going to 
do after graduation. 


Frankly, we wish we could be present 
at such sessions. We'd register a few 
enthusiastic opinions of our own—on 
the subject of career opportunities at 
General Motors. 


For a starter, we'd point out that young 
engineers have an admirable chance to 
follow their natural bent in a company 
like GM—which manufactures products 
ranging from cars and locomotives and 
earth-movers all the way to household 
electrical appliances. 


On top of that, GM’s extensive decen- 
tralization into 121 plants gives our 
young engineers an unusually fine 
Opportunity to work in locations of 
their choice. Besides, this policy pro- 


Theyre hvngaG RADUATION 
CON FABULATION 


vides the chance to learn and win recog- 
nition while working with a close-knit 
engineering team. 

And for the record, we'd like to make 
mention of GM’s incomparable re- 
sources and facilities. While each of 
GM’s 35 manufacturing divisions has 
its own, they can all draw on vast 
central research facilities. 

But most important, remember that 
GM thrives on engineering achieve- 
ments — constantly seeks to produce 
more and better things for more people. 
Hence, there’s a really stimulating 
creative climate that’s ideal for men 
with enthusiasm and imagination. 

So if you’d like to toss your mortar- 
board in the ring, why not ask your 
Placement Office to arrange an inter- 
view with our College Representative. 
Meanwhile, write us for the informative 
booklet, “The College Graduate and 
General Motors.” 


GM Positions Now Available in These Fields: 


MECHANICAL ENGINEERING 
ELECTRICAL ENGINEERING 


METALLURGICAL ENGINEERING 


INDUSTRIAL ENGINEERING 


CHEMICAL ENGINEERING 


GENERAL MOTORS CORPORATION 


Personnel Staff, Detroit 2, Michigan 
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ALLISON 
PLANT 


E. B. NEWILL, Georgia Tech, ’15, now Gen- 
eral Manager, Allison Division and Vice 
President of General Motors Corporation, 


Engineers Break Ground for New 
Turbine Engine Test Facilities 


breaks ground on another addition to our 
turbine engine test facilities. * 


Allison Jet engine designers soon will have even 
larger and improved test facilities to use in developing 
turbo-jet engines. 

Performance requirements for future military and 
commercial aircraft make necessary the development 
of new turbo-jet engines far more complex and power- 
ful than present types. New and specially-designed test 
equipment is required to accurately determine per- 


* Left to right—Dimitrius Gerdan, Chief Engineer, Turbo-Jets, 
U. of Michigan, 1932, BS in Mechanical Engineering and industrial 
Engineering; T. W. Meeder, Chief Test Engineer, U. of Michigan, 
1932, MS in Aeronautical Engineering; R. E. Settle, Assistant Director 
of Engineering, Purdue University and Indiana Central College, BS 
in Mathematics; Paul Hunt, representing Huber, Hunt & Nichols, Inc., 
contractor; E. B. Newill, Georgia Institute of Technology, degrees in 
Mechanical and Electrical Engineering; Harold H. Dice, U. of Illinois, 
1929, BS Business Administration; Col. S. A. Dallas, USAF Plant 
Representative; R. M. Hazen, U. of North Dakota, U. of Michigan, 
1922, BS in Mechanical Engineering and attended graduate school, 
U. of Minnesota, majoring in Metallurgy. 


formance of the principal engine components—com- 
pressors, turbines, and combustors—before the com- 
plete engine is tested. 


For instance, capacity for 75,000 horsepower is be- 
ing established to pump air at the rate of 300 pounds 
per second. This air must be compressed and heated 
to 1000 degrees, or cooled to a minus 67 degrees, en- 
abling Allison to test combustors at simulated altitudes 
up to 65,000 feet. 


With our expanding and long-range engineering 
program, we need additional young engineers. Alli- 
son, a leader in the design, development and produc- 
tion of turbo-jet and turbo-prop engines, NOW offers 
young graduate engineers unusual opportunities for 
progress where future development is unlimited. 


Write for information: 


R. G. GREENWOOD, Engineering College Contact 


ALLISON DIVISION, General Motors Corporation 
Indianapolis 6, Indiana 
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Very High Temperatures 


(Reprinted from Scientific American) 


by PROF. ARTHUR KANTROWITZ 


Beyond the frontier of high tem- 
perature where the practical chem- 
ists and engineers work lies a realm 
of very high temperature which 
exists on earth only in the labora- 
tory. It is the region from 4,000 
degrees centigrade to 25,000 degrees 
or more. No earthly matter could 
long contain or survive such heat, 
but it is a comparatively simple 
feat to generate it momentarily for 
studies of its effects. At present 
these studies are of no great in- 
terest to anyone except astronomers 
and aeronautical (or astronautical ) 
engineers. They will become in- 
creasingly important, however, both 
in basic investigation and in prac- 
tical affairs. 

At the temperatures we are con- 
sidering there are no solids or 
liquids—all matter is gaseous, fre- 
quently in violent motion. In other 
words, we are dealing with the 
dynamics of high-energy gases. In 
recent years a remarkable conven- 
ient device for such work has been 
developed. It is the shock tube, 
which can generate extremely vio- 
lent shock waves. Whenever a gas 
is compressed suddenly, it gains 
some heat. When the pressure is 
applied with extreme speed in a 
shock wave, such as is generated in 
an explosion or by an airplane fly- 
ing faster than the speed of sound, 
a far higher proportion of the mech- 
anical energy—in fact, most of it— 
is converted into heat. At Mach 4 
(four times the speed of sound) 
the nose of a supersonic airplane 
would be heated to nearly 1,000 
degrees centigrade if it were not 
cooled. At Mach 10 a shock wave 


General view of mining operations in 
the Hull-Rust-Mahoning iron ore mine 
—the world’s largest, at Hibbing, Min- 
nesota.—See pg. 18 


U. S. Steel Corp. 


Vol. 20, No. 7 


—Paul Weller 


Cornell University shock tube produces high temperatures by means of shock waves. 

Hydrogen in a short section at the left end of the tube is seperated from the rarefied 

argon filled center section by a copper diaphragm. When the hydrogen is exploded by a 

spark plug, the diaphragm bursts and a shock wave travels through the argon, becoming 
luminous at sufficient strengths. 


will heat air to about 3,000 de- 
grees; at Mach 20, to 6,000 de- 
grees. Temperatures of this order 
have been“achieved and investigat- 
ed for some time by means of the 
electric arc. This article is concern- 
ed with recent studies in the shock 
tube. 

The shock tube is a simple de- 
vice for producing rapid pressure 
jumps. It is a gas-filled tube di- 
vided into two sections by a dia- 
phragm. The pressure is pumped 
up in one compartment until it 
suddenly ruptures the diaphragm 
and propagates a shock wave in the 
other. With hydrogen as the driver 
gas, and the addition of a little 
oxygen to explode it, shock waves 
with speeds up to Mach 20 can be 
produced. Another type of shock 
tube, in which low-pressure gas is 


suddenly heated by an electric 
spark, has achieved shock waves as 
fast as Mach 34. 

High-energy gas dynamics has 
been studied with the shock tube 
by groups working with Otto Lap- 
orte at the University of Michigan, 
Edwin L. Resler at the University 
of Maryland, Richard G. Fowler at 
the University of Oklahoma and 
the author at Cornell University. 
These investigations have develop- 
ed new information about (1): the 
chemical aspect and (2) the elec- 
trical and magnetic behavior of 
gases at very high temperatures. 

At 20,000 degrees or more the 
molecules of a gas are completely 
dissociated into atoms, which us- 
ually are stripped of one or more 
electrons, i.¢., ionized. The principal 
object of the research on the 
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“chemistry” of these high-energy 
gases is to determine how rapidly 
the predicted changes in the com- 
position of the gas will take place 
in practice. 

One substance that has _ been 
rather carefully studied is the rare 
gas argon. At 20,000 degrees C. 
half of the atoms of this gas will 
have lost an electron. Harry Pets- 
chek and Shao-chi Lin at Cornell 
have used the shock tube to eluci- 
date some details which may sug- 
gest how this process goes. When 
argon gas is heated by a shock 
wave in a glass tube, there is us- 
ually no immediate visible effect. 
But after an “incubation time” 
of from one millionth to 100 mil- 
lionths of a second, depending on 
the temperature, the gas suddenly 
glows brilliantly. It seems clear 


GRATING 


Shock Tube Components. 


that the luminosity is due to a 
large collection of electrons which 
have been “bred” by some such pro- 
cess as the following. There must be 
a few free electrons in the gas to 
begin with; just how they are re- 
leased is unknown (perhaps by ul- 
traviolet light). When the shock 
wave comes, these electrons are ac- 
celerated by collisions with the 
hot argon atoms. The electrons are 
so much less massive than the 
atoms, however, that they gain only 
a little energy from each collision. 
At a temperature of 23,000 degrees 
it takes about two million such 
collisions for an electron to acquire 
enough speed to knock another 
electron out of an atom when it 
hits one. But at this temperature 
(and under a pressure of five at- 
mospheres in the shock tube) an 


Solar prominence that occurred June 4, 1956, resembled a terrestrial explosion led by 
a thin shock front. Some portions of the prominence suggest gases flowing along magnetic 


lines of force. 
—Harvard University High Altitude Laboratory 


CAMERA 


electron will undergo that many 
collisions in about a millionth of a 
second. So at the end of a millionth 
of a second the number of electrons 
in the tube will have doubled; a 
millionth of a second later they will 
have quadrupled. At 23,000 degrees 
the incubation time before the glow 
appears is four millionths of a sec- 
nod, which means that the electrons 
have had time to multiply nearly 
twentyfold, and the light they pro- 
duce has increased 400-fold. 

When a gas is heated by an elec- 
tric arc, the electric field, rather 
than collisions with high-speed 
atoms, accelerates the electrons to 
the energy that enables them to 
dislodge electrons from atoms and 
multiply. It was known that in an 
electric arc the electrons quickly 
reach a “thermal equilibrium,” in 
which the number of electrons pro- 
duced is matched by the number 
recaptured by ions. Thermal equi- 
librium also is reached in a shock 
tube, it was found. This was prov- 
ed by a study of the spectrum of 
the luminous flash at the end of 
the incubation period. The number 
of electrons in the gas could be 
measured by a shift toward the 
red and a broadening of the lines 
in the argon spectrum. This meas- 
urement disclosed that the electron 
density in the tube, as in an elec- 
tric arc, leveled off momentarily at 
an equilibrium value. There also 
appeared a strong continuous radi- 
ation throughout the visible spec- 
trum which is characteristic of 
highly ionized gases. 

All this has some bearing on the 
problem of supersonic flight. If we 
are to design airplanes to fly at a 
speed such as Mach 10 without 
burning up, we must thoroughly 
understand the transfer of heat in 
air at high temperatures. This in 

(Continued on page 38) 
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MISSILE SYSTEMS 


Research and Development 


Physicists and engineers at Lockheed Missile Systems 
Division are engaged in a group effort 
covering virtually every field of science. 


Missile Systems Division scientists and engineers discuss a new missile 
systems concept in light of tactical requirements. Left to right: 

Dr. H. H. Hall, nuclear physicist; I: H. Culver, systems development 
division engineer; Dr. R. J. Havens, research scientist; W. M. Hawkins, 
chief engineer; Dr. Ernst H. Krause, nuclear physicist and director of 
research laboratories; S. W. Burriss, experimental operations division 
engineer; Ralph H. Miner, staff engineering division engineer; and 

Dr. Eric Durand, nuclear physicist. 


Continuing developments are creating new 
positions for those capable of significant contributions 
to the technology of guided missiles. 


alband, MISSILE SYSTEMS DIVISION 


research and engineering staff 


LOCKHEED AIRCRAFT CORPORATION ¢ VAN NUYS, CALIFORNIA 
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HOW 
HERCULES 
HELPS... 


“CHEMICAL COBBLERS” — Hercules materials 
help the shoe industry in many ways in 
their annual manufacture of more than 
500,000,000 pairs of shoes. Hercules® ni- 
trocellulose, ethyl cellulose, and resins go 
into adhesives, coatings, and_ stiffening 
compounds. Other Hercules products im- 
prove the processing of insoles, soles, and 
heels, give’ bulk and shine to polishes, help 
treat leather, appear in molded plastic 
heels, and in box toes, laces, and tips. 


assist employees in their efforts to attain security for themselves and their families, 
Hercules’ personnel program includes a liberal vacation plan, a disability benefit plan, 
accident and sickness insurance, a hospital-surgical plan, group life insurance, and other 
benefits. A comprehensive personnel program is only one of several good reasons why 
many turn to Hercules for positions with a future. 


HERCULES POWDER COMPANY 


INCORPORATED 


963 Market St., Wilmington 99, Delaware. Sales Offices in Principal Cities 


SYNTHETIC RESINS, CELLULOSE PRODUCTS, CHEMICAL COTTON, TERPENE 
CHEMICALS, ROSIN AND ROSIN DERIVATIVES, CHLORINATED PRODUCTS, 
ones EXPLOSIVES, AND OTHER CHEMICAL PROCESSING MATERIALS 


TODAY'S PHONOGRAPH RECORDS are truly plas- 
tic compositions. Hercules Vinsol® resin, a low 
cost thermoplastic, serves as a modifier for film 
forming resins, such as Hercules® ethyl cellu- 
lose, in many formulations. Either product may 
also be used, independently, in conjunction 
with other materials. 


HERCULES 


THE CORNELL ENGINEER 
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SHOES LOOK BETTER, LAST LONGER 
PROVIDE FOR THE FUTURE 
A CAREER MORE THAN A JOB is the philosophy behind Hercules’ tet ey See 
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‘‘IBM’s a great place 
to work,’’ says 
engineer now in 
his 8th year with 
the company 


“Every year with IBM is 
more challenging than the 
last,” says Max E. Femmer, 
Development Engineer at Poughkeepsie. “It was a tre- 
mendous satisfaction in 1952 to help develop IBM’s 
outstanding 701 Electronic Computer. Today, our 
projects and our work are even more interesting. Both 
my wife and I think IBM is a wonderful company.” 
Mr. Femmer is Technical Administrator of the entire Elec- 


** tronic Data Processing Machine Development Program. 


IBM Introduces 
12 New Products in Year 


The 12 new products introduced in the past 12 months 
dramatize IBM’s continuing diversification. 

Ranging from the versatile “Cardatype”—a major 
step forward in the simplification of office work—to the 
gigantic NORC, the most powerful electronic digital 
computer ever built, IBM’s products serve all indus- 
tries plus government and education. 


IBM building 5 new labs 
By early next year, 1500 members of IBM’s engineer- 
ing staff will be working in five new buildings now 
under construction (two sketched above). They will 
be built at Poughkeepsie, N. Y., and at Glendale, N. Y. 
overlooking the Endicott Valley. 


Ability is quickly recognized 
—and rewarded 
At IBM, lack of years is no handicap. Frequently, the 
soundest creative thinking comes from young minds. 
For example, average age of the engineering team 
that developed the 701, first of IBM’s great electronic 
computers, was 28 years. 


WHAT A YOUNG ENGINEER 
SHOULD KNOW ABOUT IBM 


IBM is a company on the move! New ideas, new ex- 
pansion create exciting opportunities. 


@ IBM has a 41-year record of steady growth. Sales 
have doubled on an average of every 5 years during 
the past 25. 


@ IBM serves all industries, plus government and 
education—diversified, non-seasonal markets free of 
the fluctuations of war and peace . . . your best 
assurance of stability and growth. 


@ Salaries are excellent—with advancement based on 
merit. Benefits include company-paid hospitaliza- 
tion, life insurance and retirement plans. 


NEW IBM MACHINE AUTOMATICALLY 
TRANSMITS DATA 
OVER TELEPHONE CIRCUITS 


Instantaneous and accurate transmission of engineer- 
ing and research data between widely separated 
computer centers is now a reality, through 
development of the IBM Transceiver. Using 
telephone and telegraph networks, the 
Transceiver duplicates sets of 
punched cards at remote points— 
can be used to link 
plants or branches 
thousands of miles 
apart. 


FOR INFORMATION ON IBM CAREER 
OPPORTUNITIES 
Ask at your College Placement Office for a copy of IBM’s 
new booklet “Opportunities Unlimited” or write, giving 
details of your education and experience to: 
W. M. Hoyt, Dept. 334 


International Business Machines Corp. 
590 Madison Avenue, New York 22, N. Y. 
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Telephone Carrier Systems 


In 1876 Alexander G. Bell laid 
the foundation of the immense or- 
ganization which bears his name— 
the Bell Telephone System. His 
invention of the telephone opened 
a new era in communications, Since 
this initial invention, thousands of 
ideas have been developed into im- 
proved mechanisms and methods, 
thereby advancing telephony. With 
the advent of radio, the inventive 
ability and inquiring minds _ of 
many more scientists and engineers 
were applied to the solution of 
communication problems. 

One product of the ensuing work 
was the carrier principle of trans- 
mitting a signal. Since a purpose 
of a telephone system is to trans- 
mit a voice signal, the carrier prin- 
ciple was applied to telephony and 
has proved to be a major step in 
the never-ending progress of our 
communications system. 

In this method of communica- 
tion, the signal voltage is impressed 
upon a relatively high frequency 
wave, the latter being named the 
carrier wave. This enables a low 


Figure 1. Currents in Modulator Circuit. 


frequency signal to be transmitted 
by electrical waves of frequencies 
comparable to that of the carrier 
wave. The principle advantage of 
this method is that several signals 
of similar frequency can be trans- 
mitted over the same wires without 
mutual interference by using dif- 
ferent carrier frequencies for each 
signal. 

Modulation is the process of im- 
pressing the signal on a carrier. Of 
the methods of modulation, the two 
most frequently used are frequency 
modulation and amplitude modula- 
tion. The former is used only in 
radio systems operating at very 
high frequencies. The latter is used 
in carrier systems. 

One method of amplitude modu- 
lation is to use the circuits of Fig. 
1. Assume a simple form for the 
voice voltage wave, wave A, which 
is connected to the circuit through 
a transformer. Wave B is the carrier 
voltage. Therefore, the voltage im- 
pressed on the grid of the tube is 
the series combination of the voice 
and the carrier voltages, wave C. 
If the C battery or bias of the tube 
and its characteristic are as in Fig. 
2, the impressed voltage wave C 
will cause a plate current of wave 
form D. On the line side of the 
output transformer, current wave E 
will appear. 

This wave contains the following 
principal frequencies: 

V: The voice frequency 

C: The carrier frequency 

2V: Twice the voice frequency 

2C: Twice the carrier frequency 

C—V:The difference between the 

carrier and the voice frequen- 
cies 

C+V: The sum of the carrier 

and voice frequencies 

This can be easily demonstrated if 
the approximation is made that the 
plate current vs. grid voltage curve 
is parabolic in the range used. 
Then (1) 

Where 

ip: instantaneous plate current 

K: a constant 


by JOHN F. AHEARNE, EP ’57 


Plate Current 


Figure 2. Vacuum Tube as Modulator. 


E,: plate battery potential 
u: voltage amplification factor 
of the tube 
E.: “c” battery or control grid 
biasing potential 
e: instantaneous alternating po- 
tential applied to the control 
grid 
Assume that all except i, and e are 
constants during the tube’s opera- 
tion, which is a good approxima- 
tion. Upon expansion, 
)* 
et 


a,=2Ku(E,+uE,) 
a,—=Ku? 
Then (2) 
ip=K(E,+uE, 
In Fig. 1 both the voice and carrier 
voltages were represented as simple 
sinusoidal waves. Therefore their 
series combination, e, may be 
written (3) 
e=A sin Vt + B sin Ct, 
where A and B are constants. 
Then 
ip = K (E, + uE,)? 
+ a, (A sin Vt + B sin Ct) 
+a, (A sin Vt + B sin Ct)? 
= K (Ey + uE,)? + a, Asin Vt 
+a, B sin Ct + a, sin? Vt 
+ 2 a,AB sin Vt sin Ct 
+ a, B? sin?Ctr 
(4) 
Using sin ? © = %4—Y,cos 2 @ and 
sin ® sind = (@ — ¢) 
/2 COS (® + >), 
lh = K (Ey + uF, )? 
+ a, Asin Vt + a, B sin Ct 
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+ %a, A?— % a, A? cos2 Vt 
+ a, A B cos (C—V)t 
— a, ABcos (C+ V)t 
+%a, a, B* cos 2 Ct 
= K (E, + uE,)? + Y%a, (A? 
+ B*) + a, A sin Vt 
+ a, B sin Ct 
—Y, a, A* cos 2 Vt 
— % a, B* cos 2 Ct 
+a, AB cos (C—V)t 
—a, ABcos (C+ V)t 
(5) 
The first two components of ip 
are zero frequency (direct current ) 
and therefore will not appear on 
the line side of the output trans- 
former, The next two components 
are amplified voice and carrier cur- 
rents respectively; the fifth and 
sixth components have double the 
voice and carrier frequencies; and 
the last two are the (C + V) and 
(C — V) frequency components. 
These latter two components are 
usually referred to as the upper 
and lower side-bands. They are im- 
portant because either one of them 
is capable of carrying the signal 
current to the receiving end of the 
circuit. In practice, often one side- 


Figure 4. Voice Signal. 


band is used to carry the signal 
and all other frequencies are sup- 
pressed by means of a filter. In Fig. 
1, wave F represents the wave 
transmitted over the line after the 
band filter has suppressed all fre- 


Figure 5. Currents in Demodulator Cir- 


Tube 2 


Figure 3. Balanced Tube Modulator Circuit. 


quencies except the upper side- 
band, (C + V). Proper adjust- 
ment of the constants a,, a,, A, and 
B will enable the greater part of the 
modulator tube’s output energy to 
be utilized for the transmitted cur- 
rents; i.e., all other components 
can be arranged to have amplitudes 
comparable with that of the upper 
side-band. 

Another method of modulation 
employs the use of a_ balanced 
vacuum tube arrangement, such as 
in Fig. 3; this provides control of 
both the absolute and relative 
magnitudes of the output com- 
ponents. If operating conditions are 
ideal, this system will automati- 
cally suppress the carrier frequency 
and harmonics of either the voice 
or carrier frequencies. The circuit 
is constructed so that one-half of 
the voice voltage, e,, is applied to 
the grid of each tube. However, the 
e,/2 applied to the grid of tube 1 
will be negative with respect to 
ground when the e,/2 applied to 
the grid of tube 2 is positive to 
ground, and vice-versa. The carrier 
voltage, €., is applied in series with 
the grid biasing voltage, which is 
common to both tubes, and has the 
same polarity with respect to both 
at any instant. Therefore, the net 
alternating voltages applied to the 
tube grids at any instant are 

= + e,/2 

e, = — e,/2 

(6) 
Substitution of these values into 
equation (2) will give the plate 
current of each tube, thus 

i, = K (E, + uE,)? +a, (e 

+ ey/2) +a, (ee + e,/2)? 

i, = K (Ey + uE,)? 

+ a, (e — e,/2) 


+ a, (e. e,/2)? 
Since these currents oppose each 
other in the primary of the output 
transformer, the current there is 
i, — iy. 

The secondary current, iy, is 
therefore 1, — i, minus the direct 
current components, which are un- 
able to pass through the trans- 
former. 

i, = [a,e. + a,e,/2 + a,e,? 

— a,e.e, + a,e,?/4] 
= a,e, + 2a,e,e, 
(7) 
Let e, = A sin Vt and e, 
= B sin Ct 
Then 
i, = a, Asin Vt 
+ 2a, AB sin Ct sin Vt 
(8) 
Using sin © sin ¢ = 4 cos (® — ¢) 
—h cos (® + 9), 
i, = a, Asin Vt 


+ a, AB cos (C—V)t 


Figure 6. Resistance Characteristic of 
Copper-Oxide Varistor. 
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—a, AB cos (C + V)t 


Thus the balanced tube modula- 
tor circuit output includes only the 
voice frequency and the two side- 
bands. Making B much larger than 
A insures that the greater part of 
the output energy will be repre- 
sented by the side-band terms. 

Because the actual current vs. 
voltage curves of the modulator 
tubes are not parabolic, additional 


Ry 
Ro 


Figure 7. Balanced Bridge Modulator 
Circuit. 


frequency components will appear 
in the output. Also the applied 
voice signal is usually a combina- 
tion of several different frequen- 
cies (Fig. 4). Inter-modulation be- 
tween these signal frequencies will 
result; some of the resultant har- 
monics or sum and difference com- 
ponents may lie within the fre- 
quency range of the useful side- 
band, thus leading to distortion. 
Since these disturbing frequencies 
are a result of the original voice 
signal, making the carrier voltage 
much larger than the signal voltage 
will greatly reduce their distorting 
effect. 

In demodulation, the retrieving 
of the signal from the modulated 
carrier wave, basically the same 
curcuits are used as in modulation 
(Fig. 5). Wave A represents the 
incoming side-band, which is as- 
sumed to be the upper side-band 
carrying a sinusoidal voice signal. 
Wave B represents the voltage add- 
ed to A and is of the same fre- 
quency as the carrier. Wave C is 
the net voltage impressed on the 


grid, equal to (c+v) + c. Substi- 


Figure 8. Operating Principle of Circuit 
of Figure 7. 


tution for e in equation (2) will 
show the resultant current to have 
the following frequency compon- 
ents: 

c: The carrier frequency 

(c-++-v): The impressed side-band 

frequency 

2c: Twice the carrier frequency 

2(c+v): Twice the impressed 

side-band frequency 

(c+v) +ce=2c+v: The sum of 

the impressed side-band and 
the carrier frequencies 

(c+v)—c=v: The difference of 

the impressed side-band and 

carrier frequencies, which is 

the voice frequency. 
In Fig. 5, wave D represents all of 
these components; wave E, the cur- 
rent on the secondary side of the 
output transformer; wave F, the 
voice current, after the higher fre- 
quencies in E have been suppressed 
by a low-pass filter. In the balanced 
tube demodulation circuit, if the 
upper side-band is impressed, the 
output frequencies will be V, 
(C+V), and (2C+V). 

A third type of modulation cir- 
cuit employs copper-oxide varis- 
tors. The varistor is applicable be- 
cause its resistance varies greatly 
with the magnitude and the polar- 
ity of the applied voltage, as shown 
in Fig. 6. 

For use in channel circuits of 
carrier systems, four disc-shaped 


Figure 9. Output Current of Balanced 
Bridge Modulator. 
units, each 1/16 inch in diameter, 
are mounted in a small container. 
These units are very stable and 
have a very long life. The most 
common method of connecting 
these units in carrier systems is the 
bridge arrangement of Fig. 7. The 
arrowhead indicates the direction 
of applied voltage for low varistor 
resistance and therefore the direc- 
tion of large current; the crossbar, 
the direction of high resistance and 
small current. The carrier voltage, 
C, is made large compared with the 
voice voltage, V. Thus the response 
of the varistors is almost entirely 


Figure 10. Lattice Modulator Circuit. 


due to the fluctuation in the in- 
stantaneous carrier voltage; i.e., the 
varistor resistance varies at the 
carrier frequency. This effect is ap- 
proximated by the circuits of Fig. 
8. When the carrier voltage is posi- 
tive, the voice voltage is allowed 
free transmission; when the carrier 
voltage is negative, the voice volt- 
age is blocked from the line. The 
output current from this arrange- 
ment is shown in Fig. 9. 

Assume a sine wave form for the 
voice voltage: 


Figure 11. Operating Principle of Circuit 
of Figure 10. 


e=AsinVt 
where A is the amplitude of the 
voice signal and V is 27 times the 
voice signal frequency. The output 
current (Fig. 9) can be approxi- 
mated as follows: 
I=A Qsin Vt + 2A 
2(R,+R.) 7(R,+R.) 


Asin Vt + 2A 
[sin Vt sin Ct + 1/ sin Vt sin 3Ct 
+ 1/5 sin Vt sin 5Ct +... ] 
(10) 
C is 27 times the carrier frequency. 
Using sin ® sin ¢ = 4 cos (®@ —¢) 
— cos 4), 


+", 


™(R,+R,) 
I = AsinVt A 


2(R,+R,) 
[cos (C — V)t —cos (C+ V)t 
+ 1/3 cos (3C — V)t 
— 1/3 cos (3C + V)t 
+ 1/5 cos (5C—V)t 
— 1/5 cos (5C + V)t+ ‘ans 


The first three terms represent, re- 

spectively the voice frequency and 

the lower and upper side-bands_ of 
(Continued on page 54) 
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How to carry 35-ton loads in 
a roll-neck lathe 


The engineersewho designed this roll-neck 
athe were faced with three problems. 1) 
To build a lathe that would cut finishing 
time as much as ‘75%; 2) To build a lathe 
‘that would give great accuracy and 3) To 
provide great load-carrying capacity as 
*well. Their answer was this electronically- 
controlled mill roll lathe. To carry the 35- 
ton loads with a maximum runout of .0003 
and still do the job quickly, they specified 
Timken® tapered roller bearings. 


Why TIMKEN: bearings have 
high load capacity 


This cross-section of a Timken tapered roller bearing 
illustrates one reason why Timken bearings do such a 
good job under heavy load conditions. Notice that there 
is full line contact between the rollers and races. It’s this 
full line contact that distributes the load over a wider 
area, gives Timken bearings their extra load-carrying 
capacity. 


Want to learn more about bearings 
or job opportunities? 


Some of the engineering problems Timken bearings. And for infor- 
you'll face after graduation will mation about the excellent job 
involve bearing applications. opportunities at the Timken 
For help in learning more about Company, write for a copy of “This 
bearings, write for the 270-page Is Timken”. The*Timken Roller 
General Information Manual on Bearing Company, Canton 6, O. 


O ‘ IMKEN H | NOT JUST A BALL © NOT JUST A ROLLER <> THE TIMKEN TAPERED ROLLER o> 


TAPERED ROLLER BEARINGS | Taxes RADIAL AND THRUST LOADS OR ANY COMBINATION 
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...4,000,000 answers later 


A few figures tell the story. 


... 7 years of painstaking analysis, research and design 


by engineers from nearly every field of technology. 


14,200 hours of experimental engine 


operation in test cells and in flight test. 


4.000,000 individual, complex mathematical 


problems solved by electronic computers. 


As a result, America now has the world’s 
most powerful production aircraft engine 
— the J-57 turbojet. Careful engineering 
development like this has made 
Pratt & Whitney Aircraft the 
world’s foremost designer and 


builder of aircraft engines. 


PRATT & WHITNEY 
AIRCRAFT 


DIVISION OF UNITED AIRCRAFT CORP. 
East Hartford 8, Connecticut 
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valences 


for oxidation-reduction 
reactions 


Molybdenum chemicals have valences of 0,2, 
3,4,5, and 6. Easy transitions between valence 
states make them useful in controlled oxidation- 
reduction reactions. 


Over forty molybdenum chemicals in all valence 
states are available in experimental quantities. 
Write for our bulletin Manufacturers of 
Molybdenum Chemicals. Climax Molybdenum 
Company, Dept. U, 500 Fifth Avenue, New 
York 36, N. Y. 


MoCl, 


K, MoCl, 
MoBr, 
MoBr,.30, H.N 
Mo, 0, (C,0,), 


Mo Se, 
K, Mo(CN), 


Mo 0, 
MoS, 
MoF, 
MoO, Cl, 
Mo 0(OH), Cl, 
(Mo0,), 
(NH), Mo, 0,, 
(NH,), MoS, 
K, MoS, 

H, PMo,,0,, 
Na, PMo,, 0,, 
H, SiMo,, 0,, 
Na, SiMo,, 0 


12 ~ 40 
*R= Ag, Ba, Ca, Ce, Co, 


K, Li, Na, Ni, Pb, Sr, Zn 


MU 5-17 


LIMAX MOLYBDENUM 
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History Steelmaking America 


by FRANK F. WALSH, ChemE °59 


Although the science of ironmak- 
ing has been known to man for 
over five thousand years, its history 
in the United States has covered 
the comparatively short span of 
three hundred years. The American 
Indians had no knowledge of iron 
manufacture even in its most primi- 
tive form. So it was the early 
colonist, with his background of 
European iron making, who made 
the first iron on this continent. 

From these beginnings, in this 
comparatively short period of time, 
the United States has not only 
risen to the position of first among 
iron and steel producing countries, 
but it has also advanced so far 
that its annual output of iron and 
steel is greater than the combined 
yearly output of all the other pro- 
ducing nations in the world. 


British Pioneer Early 
Virginia Mining 

It was not until 1585 that the 
first discovery of iron ore deposits 
in America was made. At the time, 
Sir Walter Raleigh’s men, who 
made the discovery, were so unim- 
pressed that when they returned to 
England they did not take even 
a sample of the ore with them. 
These deposits were soon forgotten 
and it wasn’t until early in the 
senventeenth century that Britain 
decided to do anything about de- 
veloping the possible sources of iron 
in America. At this time, the iron 
industry in Great Britain was using 
large quantities of wood for char- 
coal, and at the same time was 
destroying the forests which were 
so urgently needed to keep up the 
navy. 

As a solution to her problem, 
England decided to send an expedi- 
tion to America to see what could 
be done about developing an iron 
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industry there. When the settlers 
at Jamestown, Virginia, reported 
in 1607 that they had found “an 
abundance of iron ore” along the 
James River, an expedition of skill- 
ed iron miners and blast furnace 
operators along with their families 
was fitted out and sent to the new 
world to develop what was hoped 
would become a flourishing iron 
industry able to send products back 
to England. 


Indians Block Ironworks 
Construction 


For several years only iron ore 
was exported to England from the 
United States, and no attempt was 
made to set up an ironworks. Fin- 
ally, in 1619, a company was or- 
ganized to erect three ironworks in 
Virginia. An ironworker whose 
name was Captain Bluett and 
eighty workers were sent to Vir- 
ginia to select a good location for 
the first ironworks. They decided 
on a site along a creek in what is 
now Chesterfield County. 

The company ran into many dif- 
ficulties during the erection of the 
works and it wasn’t until 1622 that 
the works was ready for operation. 
Great excitement was felt in both 
England and the colonies as the 
opening day of March 22 approach- 
ed. The local Indian tribes, unable 
to understand what was going on, 
also became excited, and on March 
22, as the colonists were making 
final preparations, a horde of In- 
dians descended on the settlement 
and massacred all of the colonists 
except for one who escaped to tell 
of the great tragedy. From time 
to time, attempts were made to 
revive interest in ironmaking in 
Virginia, but none of these plans 
materialized and it wasn’t until 
many years later that any iron was 
produced in the state. 


Successful Ironworks 
Is Opened In Massachusetts 


The second attempt at building 
an ironworks was made in Massa- 
chusetts in the town of Saugus. In 
1643 a company of stockholders was 
granted special privileges by the 
General Court of Massachusetts 
and sometime late in 1644 the 
works was completed and put imto 
operation. This first successful iron- 
works in America has recently been 
restored and is now open to the 
public. Following the successful op- 
eration of the works at Saugus, a 
number of ironworks were opened 
in Massachusetts and other colonies 
by new companies, and the iron 
industry in America was soon 
booming. 

The pioneer ironworks seem to 
have attracted mainly the adven- 
turesome young men ranging from 
twenty-five to thirty years of age. 
Of these men, there were two main 
groups: the freemen and the in- 
dentured servants. The indentured 
servants agreed to work for the 
company for seven years in return 
for their food, clothes, living quar- 
ters and passage to the colonies: At 
the end of this time they were 
given a small bonus and were free 
to do what they wanted. In the 
colonies, ironworkers were given 
special privileges, to encourage more 
young men to become interested in 
the industry and, on the whole, the 
workers fared better than the av- 
erage citizen. 

Because of the great demand for 
iron in the colonies, the iron indus- 
try grew rapidly, and soon iron- 
works were appearing in all sections 
of the colonies. The success of the 
iron industry in America was also 
aided greatly by the able men who 
directed its progress. In the history 
of iron in America can be found the 
names of several families whose 


THE CORNELL ENGINEER 


i 
f 


descendants have been influential 
in the industry for several centuries. 

Due to lawsuits and difficulties 
with settlers living in the area, the 
production of iron at the Saugus 
works finally became unprofitable, 
and in 1688, after forty-four years 
of operation, the works closed 
for good. However, Massachusetts 
remained the main center of iron 
production in America for over half 
a century after the closing of the 
Saugus works. 


Penn Encourages Iron Industry 


William Penn, founder of the 
state of Pennsylvania, became in- 
terested in starting an ironworks 
in his colony and, as early as 1683, 
tried to interest colonists in devel- 
oping the resources there. It wasn’t 
until 1716, however, that any iron 
was produced in Pennsylvania. 

The great “iron plantations” of 
Pennsylvania were very similar to 
the large plantations of the South. 
The owner of the plantation was 
responsible for the building of not 
only the forge and other work 
buildings, but also houses for the 
workmen, a schoolhouse for the 
children, a general store for the 
convenience of the townspeople, and 
any other buildings which were nec- 
essary. Like the Southern planta- 
tions, the iron plantations were 
self-sufficient communities which 
produced not only iron products, 
but also clothing, food and other 
necessities of the community. 


lronmaking Becomes Important 
Colonial Industry 
By 1750 ironmaking had become 


one of the colonies’ most important 
industries. The plantations of the 
period served as a transition be- 
tween the smaller furnaces which 
had previously existed and the big 
industry to come. Wood was being 
used at a tremendous rate since 
charcoal was the only fuel used at 
the time. Much of the cast iron 
turned out at this time was molded 
into very artistic shapes. 

Nearly a century passed follow- 
ing the destruction of the first 
works in Virginia before another 
attempt was made at establishing 
an ironworks south of Pennsylvan- 
ia. Largely through the efforts of 
the Governor of Virginia, Colonel 
Spotswood, an ironworks was start- 
ed in 1714 in Virginia and another 
works soon followed it. By 1730 
these two works were shipping large 
quantities of iron to England. 

In 1750, England, not wanting 
to compete with the colonies in the 
production of iron and steel prod- 
ucts, but needing the iron for man- 
ufacturing purposes of her own, 
passed an act to regulate the build- 
ing of mills for manufacturing and 
working iron and steel. The colon- 
ists were quick to see the effect of 
this act on their industry and did 
not cooperate with the British any 
more than was necessary. 


Iron Masters Support Independence 


The many restrictions and im- 
positions of England on the iron 
industry in America did not result 
in any outstanding actions by the 
ironworkers; however, by the start 
of the Revolutionary War a large 
majority of the ironworkers were 


“Hopewell Village Iron Plantation.” 


ready to back up the colonies in 
their fight for independence. Many 
of the ironmasters were prominent 
men in their colonies and a large 
number were officers of high rank 
in the Continental Army. Five of 
the signers of the Declaration of 
Independence were ironmasters, 
and a number of other signers of 
the Declaration of Independence 
can be traced directly to the fami- 
lies of ironmasters. Probably the 
most famous ironmasters of the 
Revolutionary War period were 
General Daniel Morgan, General 
Nathaniel Greene, and Colonel 
Ethan Allen. 

In the campaigns of the Revolu-_ 
tionary War, the destruction of the 
American ironworks was one of the 
main objectives of the British Arm- 
ies, for their destruction would be 
a strong blow to colonial ammuni- 
tion and arms supplies. Most peo- 
ple don’t realize that Valley Forge 
was the site of an ironworks which 
was destroyed by the British before 
General Washington chose it as the 
location for his army’s encampment 


during the winter of 1777-1778. 


War Stimulates Industry Build-Up 


With the start of the Revolution- 
ary War, a number of steel mills, 
forges, and slitting mills, whose 
erection had been outlawed by 
England before the war, were built. 
Even with these new mills, iron pro- 
duction facilities in the colonies 
were too small, and many states of- 
fered various types of inducements 
to encourage the building of more 
ironworks. Ironworks were able to 
cast only cannonballs and cannons, 
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“Ruins of Hopewell Village blast furnace.” 


so other weapons had to be made 
by artisans and gunsmiths. 

Although New York was one of 
the last colonies to enter into the 
ironmaking industry, it made large 
contributions to the colonial fight 
for independence. Most notable of 
the activities in the iron industry 
in New York was the construction 
of a large iron chain which was 
strung across the Hudson River at 
West Point to keep the British 
fleets from taking control of the 
river and cutting the colonies in 
half. The completed chain was five 
hundred yards in length and each 
link was two feet long, weighed 
one hundred pounds and had a 
cross section which measured two 
and one-fourth inches square. The 
total weight of the chain was about 
one hundred eighty tons. 


Industry Production Lags 


The Revolutionary War caused a 
drastic reduction in the develop- 
ment of the iron industry in Amer- 
ica. In the year 1775, the colonies 
turned out over fourteen percent 
of the total iron production in the 
world; but, by 1790, the amount of 
iron produced in America had 
dropped to less than twelve percent 
of the total world production. Not 
until after the Civil War did the 
United States again produce over 
fourteen percent of the world’s 
total iron production. 

The main reasons for the slowing 
of production of iron in America 
were: the destruction of the iron- 
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works by the British, the lack of 
workers due to the large number 
of ironworkers who went to join the 
armies of the colonies to fight Eng- 
land, the primitive design of the 
ironworks which were becoming 
more and more outclassed by Eur- 
opean ironworks, and the loss of 
England as a market which had 
formerly absorbed one-fourth of 
the iron produced by the colonies. 
In addition to this, Europeans had 
been experimenting with different 
methods for improving iron pro- 
duction while the colonies had been 
fighting the Revolutionary War, 
and had had no time for experimen- 
tation. 


Expansion, Good Working 
Standards Mark Industry Growth 


For about the first one hundred 
fifty years of its history, the iron 
industry had been concentrated in 
the eastern colonies. However, by 
the end of the eighteenth century, 
it had started to move west with 
the pioneers. The first works west 
of the Allegheny Mountains was 
established in Fayette County, 
Pennsylvania in 1790, and the 
works in Kentucky soon followed, 
in 1792, along the Slate Creek in 
Bath County. One of the most im- 
portant products produced from 
iron was nails. Their production 
was done entirely by hand so that 
many families spent the long winter 
nights making nails from bar iron. 
In 1790, one of the leading mech- 
anical geniuses of the nineteenth 


century patented a machine which 
made possible the production of 
nails at the rate of 200,000 a day 
by one man. This invention was 
one of the first of many changes 
in the methods of producing and 
working steel. 

The start of the nineteenth cen- 
tury found the living standards of 
ironworkers better than workers of 
most other industries. Their wages 
were only one dollar a day, but 
because prices were much lower and 
because the worker’s family raised 
most of the food it ate and made 
most of the clothes it wore, the 
worker and his family could live 
very comfortably on his pay. Writ- 
ings and records show that each 
member of a family could be sup- 
ported comfortably on sixteen to 
twenty cents a day, depending on 
the locality in which the family 
lived. 


Technical Improvements Raise 


Steel Quality 


The outlook for the iron and 
steel industry in the United States 
at the turn of the eighteenth cen- 
tury was not good. American iron 
producers were still looking for a 
way of producing steel comparable 
to the crucible steel made in Eng- 
land. By 1835 a method of mixing 
and heating steel in clay crucibles 
had been discovered and perfected 
so that the steel produced in Amer- 
ica by 1837 was as good as Eng- 
land’s. 

The growth of the iron industry 
in the United States during the 
period from 1800 to 1850, while not 
outstanding, was good. The annual 
production of iron and _ steel in 
America jumped from 50,000 tons 
in the year 1800, to 185,000 tons 
in 1830, to 900,000 tons during the 
years just prior to 1850. During 
this period, new iron regions were 
also opened up so that ironworks 
spread through all of the original 
thirteen colonies and many others. 
During this time, the first iron- 
works of the South was opened 
along with works in such now- 
important iron and steel centers as 
Cleveland, Detroit and Buffalo. The 
use of the hot air blast in place 
of the cold air blast and the use 
of coal and coke in the place of 
charcoal were introduced to in- 
crease production, during this per- 


iod. 
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When the iron industry was first 
introduced in the colonies, early in 
the seventeenth century, Connecti- 
cut was among the leaders in the 
production of iron. The famous Sal- 
isbury iron was produced in several 
of the Connecticut works. However, 
when the industry changed over to 
coal and coke for fuel, during the 
early nineteenth century, Connecti- 
cut did not have the necessary 
deposits of coal and was forced out 
of the competition. 


New England, New York 
lron Industry Grows 


During the 1800’s, in Vermont, 
many of the ironworks were sup- 
ported by barter. Many of the 
ironworks opened general stores 
where the families of the workers 
could buy supplies; these stores also 
served as an outlet for the goods 
received in trade for iron and iron 
products. This system of barter and 
disposing of the goods worked very 
satisfactorily for a number of years. 

The iron industry of Vermont 
attracted many varied types of men 
as owners. Records show that one 
ironworks in Vermont had among 
its owners a retired Congressman, 
a former commissary of the Rev- 
olutionary War, an Irish insurrec- 
tionist who had fled from Ireland 
for his life, a newspaper editor, and 
an ex-foreign diplomat. By the end 
of the Civil War, the development 
of the iron industry in Pennsylvan- 
ia had forced many of the Vermont 
ironworks out of business and the 
Vermont iron industry was on the 
decline. 

With the start of the nineteenth 
century, the iron industry of New 
York state began a steady move 
north and west with the pioneers. 
With the completion of the Erie 
Canal, the Lake Champlain dis- 
trict had become the most impor- 
tant iron-producing section of New 
York state. The development of 
the Lake Champlain area continued 
to increase until, by the 1880's, the 
amount of iron ore shipped from 
the Essex Counties alone was twen- 
ty three percent of that produced 
in the United States. 


During this same period of time, 
in the early 1800's, the iron indus- 
try in New Jersey was being devel- 
oped rapidly. The Oxford furnace, 
which was located in Warren Coun- 
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ty, New Jersey, had the distinction 
of having the longest record of 
operation of any furnace during the 
eighteenth and nineteenth centur- 
ies. Peter Cooper, the famous in- 
ventor and philanthropist of New 
York, was a leading figure in the 
history of the New Jersey iron in- 
dustry. He built several ironworks 
and experimented with the Besse- 
mer process of making steel. Along 
with that of several other states, 
the iron industry of New Jersey 
started to decline about 1870. 


Pennsylvania Development Marks 
National Industry 


During the first part of the nine- 
teenth century, the iron industry 
in Pennsylvania, and particularly 
that of eastern Pennsylvania, ex- 
panded greatly. This expansion was 
due largely to the abundance of 
high grade raw materials and the 
convenient location of these raw 
materials. The introduction of an- 
thracite coal in place of bituminous 
coal about 1840 further increased 
the output of Pennsylvania works 
and secured the position of Penn- 
sylvania as the leading producer of 
iron and steel in the United States. 

Until the time of the establish- 
ment of the iron industry in Pitts- 
burgh, Pennsylvania, the iron in- 
dustry had been mainly a localized 
industry with each mill supplying 


only the needs of the nearby com- 
munities and farms. However, with 
the establishment of the iron and 
steel mills at Pittsburgh to produce 
pig iron and iron products for the 
pioneers, the iron and steel industry 
took on a national aspect. In 1789, 
an emigrant by the name of Ans- 
hutz erected the first furnace in 
Pittsburgh. By 1810, a forge had 
been built to work some of the pig 
iron produced in the Schuykill and 
Juniata ironworks. The iron and 
steel industry in Pittsburgh grew 
rapidly and by 1825, the mills were 
employing 1500 people and doing 
a $3,000,000 a year business. 
During the years between 1800 
and 1850, the iron industry in the 
South grew rapidly. The increasing 
use of railroads during this period 
created the need of a large number 
of rails which, in turn, caused an 
increasing need for iron. The pro- 
duction of military goods for the 
war of 1812 helped to increase the 
demand for the Southern works’ 
products. By 1844, one Southern 
works was even building an iron 
revenue cutter for the government. 


Bessemer Process Increases 
Quality Production 


In addition to the change from 
charcoal to anthracite coal and coke 
in the production of iron and steel, 
the first half of the nineteenth cen- 


The Ironton plant of the Columbia-Geneva Steel Division, U.S. Steel Corporation, two 
miles south of Provo, Utah. The plant produces pig iron, coke and coal chemicals. 


U. S. Steel Corp 
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tury brought another great im- 
provement to the iron and steel 
industry—the Bessemer process for 
producing steel from iron. With 
these two changes and the use of 
the hot air blast instead of the 
previous cold air blast, iron and 
steel production increased rapidly. 

Although ironworkers had been 
experimenting with the use of coke 
in ironmaking in England since the 
early part of the eighteenth cen- 
tury, the first successful use of coke 
in producing iron in the United 
States took place in 1835. The use 
of coke in ironmaking became more 
widespread after 1850. Until the 
First World War, coke was pro- 
duced by the bee-hive method 
which was used when coke was first 
introduced in ironmaking in_ the 
United States. 

One hundred years ago, iron was 
the world’s basic metal. Steel, be- 
cause of its high cost of produc- 
tion, was used at that time only 
for the manufacture of fine edge 
tools. Since the introduction of the 
Bessemer and Open Hearth pro- 
cesses for making steel, however, 
the amount of steel produced has 
increased until, at the present time, 
steel comprises over ninety percent 
of all the metals produced in the 
world. The Bessemer process for 
making steel was named for Sir 
Henry Bessemer who invented the 
process in England. He had it pat- 
ented in England in 1855 and in 
the United States in 1856. However, 
unknown to Bessemer, an American 
steel producer, William Kelly, had 
perfected the same method five 
years earlier, in the year 1850. Kel- 
ly had neglected to protect his in- 
vention with a patent and was 
forced to file a claim of priority of 
invention in order to get a patent 
for his invention. The first com- 
mercial heat of steel produced by 
the Bessemer process was made in 
1864, and after that, steel produc- 
tion in the United States increased 
rapidly. 


Civil War Focuses Steel Demand 


Iron and steel manufacturing 
played a large part in the Civil War 
for both the North and South. For 
the South, the production of iron 
for weapons was a struggle through- 
out the war, especially since the 
Birmingham iron district had not 
been developed at that time. Al- 
though the South’s production of 
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iron was far greater than anyone 
had imagined was possible, the iron- 
works were still unable to keep 
up with the need. Both the North 
and the South started using the 
Bessemer process for producing 
steel for weapons in 1864, but, by 
that time, the war was so nearly 
over that the supply of steel had 
little effect on the outcome of the 
war. 


Replacement Need Sparks Ohio 
Industry 


One of the biggest problems of 
the pioneers was obtaining objects 
made of iron and replacements for 
broken iron implements. Because 
transportation was so slow and 
ironworks produced products for 
neighboring communities only, pio- 
neers were often forced to attempt 
to make iron to supply their own 
needs. Occasionally, these attempts 
were so successful that the pioneer 
would give up farming and take 
up ironmaking. One such attempt 
at ironmaking was made by John 
Deering of Kentucky about 1800. 
He was so successful at producing 
iron that other pioneers became in- 
terested and soon the Hanging 
Rock region along the Ohio River 
became one of the most important 
iron producing areas of its time. 


Trenton Is Home of First Open 
Hearth Plant 


Because the Bessemer process 
could not be used for producing 
steel from scrap iron and_ scrap 
steel, a better method of producing 
steel was needed. In 1861, an im- 
proved process, known as the Open 
Hearth process, was invented by 
an Englishman, Karl Siemens. This 
method for producing steel from 
scrap iron and scrap steel as well 
as from pig iron was brought to 
America by an employee of an 
American iron company. The first 
open hearth plant in America was 
built in Trenton, New Jersey, but 
it was forced to close by a long 
string of bad luck after only two 
years of production. The second 
open hearth steelworks was con- 
structed in South Boston, Massa- 
chusetts. A few changes were made 
in the original plant’s plans, and 
the new works was so successful 
that a number of other companies 
became interested in the process 
and opened plants. Today, ninety 
percent of all the steel made is 


produced by the open hearth pro- 
cess. 


Superior Region 
Supplys Ohio Ironworks 

Since the opening of the first 
ironworks in Ohio years ago, the 
nearness of raw materials has in- 
sured the success of the area as an 
iron manufacturing district. The 
large number of railroads in the 
area and the abundant coal sup- 
plies nearby also aided in the de- 
velopment of the area. With the 
Lake Superior iron ore deposits 
nearby, northern Ohio has become 
one of the leading producers of 
iron and steel in the United States. 

Although high grade iron ore was 
discovered in the Lake Superior 
area as early as 1840, people were 
slow in opening the area for mining. 
By 1875 the only range which had 
been opened was the Marquette 
Range. The ore which was being 
mined was of such uniformly high 
quality, however, that soon other 
ranges were opened and by 1885 
there were four ranges in operation. 
The Mesabi Range, the largest 
producing range today, was not dis- 
covered until 1892, but because the 
ore was so near to the ground that 
it could be shovelled out instead of 
being mined, the range was soon 
producing more iron ore than any 
other area in the United States. 


Chicago-Calumet Area 
Becomes Steel Center 

Even though the development 
of the Chicago area as a leading 
iron and steel producing area was 
late in starting, the area had an 
excellent location which aided its 
development. Because Chicago lay 
on the main land and water routes 
connecting the East and the West, 
it was destined to become a great 
industrial center. The history of 
Chicago’s iron and steel industry 
can be said to date from 1857 when 
a rolling mill was established to 
reroll railroad rails. It wasn’t until 
ten years later, however, that the 
first ironworks was established. A 
large number of other furnaces and 
mills soon followed, and by 1876 
Chicago was producing one third 
of the railroad rails made in the 
United States. Within a few years 
new furnaces appeared south of 
Chicago in the area now known as 
the Calumet District. The import- 
ance of Chicago, itself, as an iron 

(Continued on page 55) 
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Simple enough now, this vertical ascent was history-making in 1939. 


ou can remember 


THE FIRST SUCCESSFUL HELICOPTER 


Just two years before Pearl Harbor, Igor Sikorsky 
took the controls of a weird-looking machine — 
culmination of a dream of thirty years. Moments 
later it rose from the ground. Though the flight 
lasted only a few seconds, the VS-300 became the 
first practical helicopter in the United States. 


Less than six months after Pearl Harbor, the Air 
Force took delivery of the first military Sikorsky. 


Since then, rapid developments prove that the 
helicopter, most versatile of military aircraft, has 
tremendous commercial potentials. 


Helicopters of the future will be the product of 
tomorrow’s engineers. Sikorsky is young and grow- 
ing. It offers life-time opportunities to young men 
who choose work where their skills and abilities will 
be constantly challenged. 


Perhaps you belong at Sikorsky — in the research 
departments, the drafting rooms, the engineering 
laboratories. 


You can remember the first successful helicopter 
— you may be the man to build tomorrow’s! Learn 
more about employment opportunities at Sikorsky. 
Consult your College Placement Office concerning 
afrangements for a personal interview. 


IKORSKY 


Sikorsky Aircraft, one of the divisions of United Aircraft Corporation, South Avenue, Bridgeport 1, Conn. 
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Engineering Displays at Farm and Home Week 


A variety of displays ranging 
from oceanography equipment to 
automatic milking systems were 
presented at the annual Cornell 
Farm and Home Week, held this 
year from the 21st to the 25th of 
March. Included in the displays 
were examples of work related to 
underwater exploration and_ the 
dairy industry, combined with gen- 
eral exhibits on the problems of ag- 
ricultural engineering, illustrating 
the growing application of engineer- 
ing techniques in food raising 

The Oceanograph equipment and 
methods were shown in Ferrow 
Hall. The apparatus on display has 
been used in summer research pro- 
jects carried out in the Great Lakes 
and off the East Coast of the 
United States. Scientists involved 
in these projects were particularly 
interested in obtaining data on 
salt content, ocean-floor material, 
water samples at varying depths, 
and on the variation of temperature 
with depth. 

A graphical record of fathometer 
readings indicated the nature of 
the ocean floor investigated during 
a trip southward in the Atlantic to 
Bermuda. The fathometer produces 
a continious record of peaks and 
valleys in the ocean floor by means 
of a recording mechanism similar 
to a barograph. In principle, the 
farthometer is a rader set, and de- 
rives its data from analysis of 
signal pulses reflected from the 
ocean floor. 


Other devices included the “von 
Arx current meter,” which measures 
the speed of ocean currents by 
means of a propeller-driven genera- 
tor. The generator provides a direct 
velocity reading on a properly cal- 
ibrated micro-ammeter. Thermisters 
are used in underway study for 
temperature measurement. The 
thermister unit includes a line grad- 
uated according to depth, giving 
a rapid correlation between depth 
and temperature. A “wave-force- 
meter” uses simply a plate con- 
structed of lead and suspended in 
inverted semicircular cradle. The 
displacement of the plate, in op- 
eration, indicates the magnitude of 
wave forces by means of gradua- 
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tions on the perimeter of the cradle. 

torpedo-shaped container 
carrying its own recording equip- 
ment obtains temperature and 
pressure data beneath the ocean 
surface. Called a “bathy-thermo- 
graph”, the device is suspended 
from the “mother ship” along with 
specially constructed — sampling 
bottles which are arranged to ad- 
mit water samples at predetermined 
depth levels. A remotely-construct- 
ed claw-like scoop called an “orange 
peel” sampler is employed to col- 
lect ocean floor samples for later 
exluation. 

Other protions of the Fernoe Hall 
exhibit included a tube containing 
fluids of various densities rigged to 
illustrate the formation of standing 
waves and turbulance capable of 
inflicting damage to underwater 
structures. Diving suits were dis- 
played, along with a large three di- 
mensional cutaway model of a typi- 
cal off-shore bottom contour, in- 
dicting the areas where Cornell 
studies have been made. Undersea 
research at Cornell is under the di- 
rection of J. C. Ayres, associate 
professor of Oceanography. 


Automatic Milking Features 


Pipeline milking systems,  in- 
cluding new methods for automatic 
washing during all parts of the op- 
eration were presented among other 
displays at the dairy industry build- 
ing, Stocking Hall. Pipeline milk- 
ing equipment handles the entire 
milking process automatically, from 
siphen-breaker cups attached to 
the cows, to regulation of the dairy’s 
bulk milk storage tanks. Designed 
to promote convenience in opera- 
tion, the pipeline system provides 
raised stalls for each cow which en- 
able the operator to quickly attach 
the collecting-up assembly, and to 
keep the equipment clean with a 
minimum of complication. Milk 
from the cow is obtained by a unit 
which properly stretches the udder, 
and then filters the milk to reduce 
impurities. 

The milk is then carried under 
vacuum in a pipeline (glass or 
stainless steel) to a “releaser,” 
which brings all collected liquid to 


atmospheric pre*sure for immediate 
injection into the storage anks. 
This method of delivering milk to 
bulk tanks enables the farmer to 
eliminate cans and_ mechanical 
coolers, and to avoid collapsing 
problems inherent in other systems 
of reduced-pressure storage. 

The “parlor-milking” innovation 
in modern dairying was illustrated 
in the exhibits by the automatic 
washing system included with the 
milking lines. The washer sequence 
in governed by a solenoid control 
mechanism. The first step involves 
injection of water at 105 degrees F 
to rinse the hoses and carry away 
all liquid milk. Next, water at 180 
degrees is admitted and a detergent 
is passed into the system. Follow- 
ing this twenty-minute operation, 
a third wash containing disinfectant 
completes the washing job. The 
machine then automatically drains 
and shuts itself off. 

The milking equipment also in- 
cludes a safety valve which shuts 
off the vacuum in the milk lines in 
the event of difficulty. The pipe- 
line milker, combined with Cor- 
nell’s six-month old automatic 
washer, reduces dairying time by 
carrying out processes previously 
done manually. 


Ag Engineering Displayed 


Agricultural engineering was pre- 
sented as a vocation with a variety 
of opportunities at exhibits located 
in the new agricultural engineering 
building. Among the dipslays were 
methods for proper building and 
locating of fences, electric chick 
brooding, and proper road-surface 
treatment. Bituminous sur- 
faces were analysed from the stand- 
point of drainage base, and causes 
of failure. Production of asphalt 
materials was outlined. Other dis- 
plays in the section were an explan- 
tion of Cornell Agricultural Engi- 
neering training, a presentation of 
the methods for aluminum usage in 
farm equipment and buildings, and 
a number of modern farm machines 
including pneumatic _ harvesters, 
chopped-hay conveyer distributors, 
and silo unloaders. 
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Each time the wheels turned, a bean dropped to a container below the axle. 
Then Leonardo counted the beans and multiplied by the wheel circumference 
to learn how far he’d walked. 


Even New Departure ball bearings couldn't do much for Leonardo's simple 
pedometer. But if Leonardo were designing one of today’s complex instru- 
ments, he'd call on New Departure for ball bearings. That's because New 
Departures bring about such advantages as low starting torque and even 
lower running friction, precise location of moving parts at all speeds, compact 
design, long life with almost no upkeep. Besides, New Departure’s research 
and manufacturing facilities are unmatched. 


No wonder engineers everywhere call on New Departure for the finest in 
instrument ball bearings. 


NEW DEPARTURE @ DIVISION OF GENERAL MOTORS e BRISTOL CONNECTICUT 


NEW/) DEPARTURE 


BALL BEARINGS 


Automatic gram-centimeter torque tester measures starting 
torque characteristics of New Departure instrument ball 
bearings. Like many of the ultra-precise devices used in bearing 
manufacture, this torque tester was largely developed by 


NOTHING ROLLS LIKE A BALL New Departure. 
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Brain Teasers 


12" 


Last month we proposed several 
quite simple problems, the first of 
which involved putting two steel 


25° D 


balls with diameters of 14 and 12 
inches in a cylindrical can of di- 
ameter 25 inches. A glance at the 


sketch will show that 18 inches of 
water are needed to cover the 
spheres. 

Our second question wanted to 
know how fast one would have to 
travel on a return trip if the out- 
going leg had been made at 30 
mph in order to average 60 mph 
for the whole trip. Well, this situ- 
ation is an impossibility, since all 
the time available for the trip (if 
one is to average 60) has been used 
up already. 


In proving that one equals two 
in the third question, we made the 
error of neglecting to take all pos- 
sible roots. As a result, 

(1—3/2) =(2—3/2), but also, 

(1—3/2)=(2—3/2), which re- 
duces to the more acceptible identi- 
ty that one equals one, as in days 
of yore. 


Lastly, in a search for words 
with double vowels, while avoiding 
the use of proper names, one might 
come up with: aardvark, seed, ski- 
ing, tooth, and vacuum. 

Now on to a few new ones. The 
ENGINEER pays three dollars for the 
first correct entry, and very little 
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Manufacturers of Super-Refractories Only 


REFRACTORY CRUCIBLES 


GRAPHITE CRUCIBLES 


HIGH TEMPERATURE CEMENTS 


SPECIAL REFRACTORY BRICK, TILE, SHAPES 


GRAPHITE ——— SILICON CARBIDE 


From the Following Materials:— 


MAGNESIA 


ZIRCON 


FUSED ALUMINA —— MULLITE 


LAVA CRUCIBLE-REFRACTORIES CO. 
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effort is required, so why not write 
the answers to the puzzles below 
on a postcard and send them in? 

1. A professor and two of his 
assistants have been cornered in 
the Libe tower by an angry mob 
of students who have just taken 
one of their prelims. Thoughtfully, 
some workmen have left a pulley 
arrangement hanging near one win- 
dow, as well as a 75 pound weight. 
Since each end of the rope over the 
pulley has a basket on it, it is 
decided by the three desperate mar- 
tyrs to lower themselves to the 
ground by this means. However, 
due to a thorough knowledge of 
engineering lore, it is apparent that 
an unbalance of more than fifteen 
pounds on either end of the pulley 
rope would destroy the balance and 
hurl the occupant of the basket to 
a bloody death on the sidewalk 
below. Since we have sworn affi- 
davits that the professor weighs 195 
pounds, and his assistants 105 and 
90 pounds respectively, we must 
ask you what procedure the men 
followed in safely lowering them- 
selves to the ground. 


2. For the benefit of those who 
have taken some engineering law 
courses, we should like to know 
whether it is legal for a man to 
marry his widow’s sister. 

3. You have two current United 
States coins in your hand. Together 
they total fifty-five cents. One is 
not a nickle. What are the coins? 

Will the good professor escape 
from the tower and make it safely 
back to Sibley? See next month’s 
Brain Teasers for the answers. 
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ENGINEERING WRITING 


Here is an ideal way 
for the engineer or 
physicist with some 
aptitude for writing to 
enter the field of advanced 
electronics. In this 
relatively new and 
expanding area you can 
make immediate and 
effective use of your 
academic training while 
acquiring additional 


experience. 


Hughes Research and Development 
Laboratories are engaged inacontinu- 
ing program for design and manufac- 
ture of integrated radar and fire con- 
trol systems in military all-weather 
interceptor aircraft. Engineers who 
produce the maintenance and opera- 
tional handbooks for this equipment 
work directly with engineers and 
scientists engaged in development of 
radar fire control systems, electronic 
computers, and other advanced elec- 
tronic systems and devices. 

Your effort in the field of engineer- 
ing writing through these publica- 
tions transmits information to other 
engineers and technical personnel on 
operation, maintenance and modifi- 
cation of Hughes equipment in the 
field. 

You will receive additional training 
in the Laboratories at full pay to be- 
come familiar with Hughes equip- 
ment. Seminars are conducted by 
publications specialists to orient new 
writers. After-hours graduate courses 
under Company sponsorship are 
available at nearby universities. 


RESEARCH AND 
DEVELOPMENT 
LABORATORIES 


SCIENTIFIC AND 
ENGINEERING STAFF 


Culver City, Los Angeles County, California 


Photograph above: Engineer-writer John Burnett (left) 
works with engineers John H. Haughawout (right) and 
Donald King to compile handbook information. 
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Retiring Board Members 


With this issue of the CoRNELL 
ENGINEER, five officers of our pub- 
lication board will allow their res- 
ponsibilities to pass on to the hands 
of successors recently elected for 
the coming year. Here are photos 
and biographical sketches of the re- 
tiring officers, which we proudly 
present with appreciation for the 
fine management the ENGINEER has 
received during the past twelve 
months. To these men the new 
staff extends best wishes for the 
future. 


JOHN F. SCHMUTZ, Chem. E. 
55 from Palmerton, Pennsylvania, 
this spring concludes four years of 
work on the ENGINEER, after having 
served in 1951 and 1952 on the 
editorial board, 1953 as associate 
editor, and since last spring, at the 
top of our ladder as editor-in-chief. 

Jack is one of our really energetic 
engineers, and has succeeded in 
mixing studies with “co-curricular” 
work in many fields, all with fine 
results. He has been on Dean’s 
List for three years, stands first in 
his class, and holds a McMullan 
Regional Scholarship. In addition, 
Jack has been treasurer of his fra- 
ternity, Pi Kappa Phi, secretary of 
Tau Beta Pi, and is a member of 
Pros-ops (Chem. E. honorary), Pi 
Delta Epsilon and Sigma Delta 
Chi (both journalism societies), 
Phi Kappa Phi. 

As for non-official interests, 
Jack, while in favor of “sports in 
general”, especially enjoys golf and 
skiing, the latter in spite of a wrist 
and his nose each having once been 
broken due to that activity. His 
particular favorite for vacation- 
times, however, is fishing in Maine. 

Jack’s recent summers, with the 
exception of °53, which was claimed 
by the Air Force for ROTC camp, 
have been working for Bethlehem 
Steel, New Jersey Zinc, and last 
summer, for the Socony Vacuum 
Oil Company, where Jack was in 
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the research and development labs, 
occupied with various aspects of 
catalytic cracking. 

After graduation in the coming 
June, Jack hopes to receive a com- 
mission from the Air Force, and 
plans eventually to study patent 
law at night law school while work- 
ing daytimes at a private law firm 
or patent division of a large com- 
pany. 

Somewhere in this set of plans is 
reference to Jack’s girl; but in that 
subject, no specific announcement 
has yet been heard. 


EDWIN A. LEVENTHAL, E. P. 
from Brooklyn, New York, 
having reached his present position 
of managing editor of the ENGINEER 
via the associate editor’s post, 
chooses to terminate his editorial 
duties with one year yet remaining 
before graduation so as to spend 
more time with his many demand- 
ing activities elsewhere on campus. 

During the past year, Ed served 
as president of his fraternity, Sigma 
Alpha Mu. He is a member of Pi 
Delta Epsilon, Sigma Delta Chi, 


and the Cornell Society of Engi- 
neering Physics. 

Ed’s responsibilities as managing 
editor included planning the layout 
of pictures, articles, titles, and ad- 
vertisments, as well as “dummying” 
the magazine for final printing. This 
is a job requiring thorough know- 
ledge of the techniques of publish- 
ing. In addition to these duties, 
Ed has contributed several articles, 
such as “The Divining Rod,” an 
analysis of this instrument and its 
uses. 

Outside the realm of school ac- 
tivities, Ed’s interests include pho- 
tography, and bowling (a favorite). 
Summers have always been busy 
and interesting periods for Ed, and 
as an example, Ed tells of that a 
couple of summers ago his job for 
Swift & Co. took him into a freezer 
at -20 degrees F., where he worked 
most of the time storing large 
quantities of ice cream. Another 
summer, Ed took the same stuff out 
of the freezer, and another, he 
worked at a production job. For the 
coming summer, Ed plans to be 
in a more technical line of work, 


Milton Cherkasky (left), Jack Schmutz, and Edwin Leventhal. 


-Rod Glover 
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Western Electric field engineers supervise installation 
of complex electronic equipment made for Armed Forces 


Marco Polo had nothing on Western Electric’s 
field engineers. They travel the world to advise on 
use, installation and maintenance of the electronic 
equipment we produce for the Armed Forces .. . 
like radar bombing systems, anti-aircraft fire con- 
trol systems, and the Nike guided missile control 
system. 


Western Electric is called upon to make these 
things because of its vast experience with highly 
complex electronic equipment as the manufactur- 
ing unit of the Bell System. It’s a job that presents 
an unending challenge to our engineering staff. 


Western product and development engincers are respon- 
sible for turning out some 50,000 different items annually 
for the Bell System — everything from tiny transistors to 
giant bays of electronic switching equipment. Shown is 


MANUFACTURING AND SUPPLY UNIT OF THE BELL SYSTEM p> 
one stage of transistor manufacture, 
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—Rod Glover 


Bill Thurber (left), and Tom Reed. 


and is now “dickering” with the 
Atomic Energy commission. 

Ed’s plan for the next few years 
is indefinite at this point, but he 
believes he will begin, upon gradu- 
ation in 1956, at some form of ex- 
perimental work, with the eventual 
goal of enlarging his contact with 
people, possibly by way of manage- 
ment work at an industrial research 
organization, or, referring to his 
interest in writing, by way of a 
career in technical journalism. 


After two years on our staff, 
THOMAS C. REED, M.E. 756 
from Greenwich, Connecticut, is 
retiring as associate editor this 
spring. A proven leader in his schol- 
astic activities, standing first in his 
class, Tom displays interest and 
great ability in other fields, where 
his accomplishments include having 
served as president of his fratern- 
ity, Alpha Delta Phi, and president 
of Pi Delta Epsilon, honorary jour- 
nalism society. He is a member of 
Tau Beta Pi, Sphinx Head, and the 
Cornell Glee Club, and was a coun- 
selor last fall at Freshman Camp. 

To the Encineer Tom _has 
contributed articles on a wide var- 
iety of subjects: from “Seismic Ex- 
ploration for Oil” to recent “Brain 
Teasers;” and readers may remem- 
ber “Some Observations of the Col- 
legiatron” by Tom, which appeared 
last year. 

As for plans for the future, Tom’s 
thoughts are heavily engaged with 
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the problems of the coming school 
year, when in addition to his senior 
project Tom will undertake a teach- 
ing job which he has secured with 
the University. 

Although his official engineering 
field is mechanical, Tom finds his 
interests in engineering drawn 
strongly toward the affairs of elec- 
trical engineering. Now taking sev- 
eral courses in that field, he expects 
to carry out his fifth-year project 
next year under the guidance of 
the E.E. school. 

Plans beyond graduation for Tom 
are largely dependent upon the Air- 
force, in which he is now enrolled 
as an ROTC student. After AF 
duty, Tom hopes to go into elec- 
trical engineering work, carrying 
with him, we remark, a fine per- 
sonality and a deep background. 


MILTON CHERKASKY, M.E. 
*55, is our retiring business mana- 
ger, and comes from South Orange, 
New Jersey. Milt joined the busi- 
ness board of the ENGINEER four 
years ago, working up to his most 
recent position by way of the office 
of treasurer last year. 

Making heavy use of his time at 
Cornell, Milt is double-registered 
with M.E. and the School of Busi- 
ness and Public Administration. He 
is former treasurer of his fraternity, 
Phi Epsilon Pi, and has been active 
with the Cornell Campus Chest. 

Much of Milt’s efforts during the 
past year have been spent success- 


fully designing for the ENGINEER 
a scholarship fund program which 
which is expected to go into effect 
next yead, This project benefited 
admirably from Milt’s knowledge 
of financial matters. In addition, 
Milt represented Cornell at the an- 
nual conference of the Engineering 
College Magazines Association last 
fall in Chicago, sponsoring for us 
the election of the Princeton En- 
gineer to the organization. 

Although quite busy with his 
variety of responsibilities much of 
the time, Milt occassionally has op- 
portunity to enjoy a game of tennis 
or a skiing trip, these serving as 
his favorites in sports. 

After graduation in June, Milt 
plans to go to work, with the goal 
of entering production engineering 
or the “business end” of manufac- 
turing. 

WILLIAM C. THURBER, Met. 
E. ’55 from Rome, New York was 
a former circulation manager of 
the ENGINEER and is now our 
retiring treasurer. An active mem- 
ber of Alph Chi Rho fraternity, 
Bill is a member of Pros-ops, and 
this year is president of the Cornell 
Metallurgical Society, having been 
vice-president last year. 

While a freshman, Bill earned his 
numberals in football, and has since 
played on the Cornell Varsity la- 
crosse team. He was on the Dean’s 
List in 1953-54, and stands tenth 
in his class. 

Last mid-term vacation Bill in- 
dulged his interest in skiing by 
taking a trip with a group of 
friends up into the slopes in Can- 
ada. Managing to keep quite busy 
during summer vacations, Bill 
worked last summer for the en- 
gineering division of Proctor & 
Gamble, part of the time in the 
metallurgy section and part in the 
mechanical process equipment sec- 
tion. 

After finishing up his fifth-year 
project (“Effects of impurities on 
intergranular oxidation of zinc-base 
alloys”), Bill says his plans are 
somewhat up in the air, depending 
to a large extent on whether or not 
he is able to get a fellowship to do 
graduate work in metallurgy. If 
things go as hoped, Bill believes 
he would like to aim for research 
and development work, and will 
eventually plan to enter adminis- 
trative work associated with met- 
allurgy. 
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STORY TELLER... 


Finding the origin of gages is as difficult as enumer- 
ating the types of service for which they are used. But 
all types of gages have one thing in common . . . they 
tell a story. They indicate what’s going on in inacces- 
sible areas . . . or measure things you cannot see. 

Whether actuated by physical force, electrical im- 
pulse or mechanical means . . . whether fixed or port- 
able . . . gages are indispensable to modern civiliza- 
tion. They measure the potential of power or pressure 
. . . the degree of heat . . . the force, flow or level of 
liquids or gases . . . the strength of solids. 


MASTER OF MYSTERY... 


In industry, gages have replaced guesses. Physicists, 
designers, chemists, metallurgists, mechanical and 
electrical engineers, and a host of technicians and 
craftsmen have sired this scientific servant . . . to 
work in power and processing plants, in mines and 
mills, on highways and skyways, on and under water. 

A gage never works alone. Only when it has a point 
of contact can it function. And minds, too, must have 
a point of contact that will render the behind-the- 
scene reports of industry’s status. Here, in America, 
that function is fulfilled in our all-seeing, all-hearing 
and reporting Inter-Communications System. 


THE AMERICAN INTER-COM SYSTEM... 


Complete communication is the function, the unique 
contribution of the American business press . . . a 
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great group of specially edited magazines devoted to 
the specialized work areas of men who want to man- 
age better, research better, sell better, buy better. 


COMMUNICATION IS OUR BUSINESS... 


Many of the textbooks in which you are now studying 
the fundamentals of your specialty bear the McGraw- 
Hill imprint. For McGraw-Hill is the world’s largest 
publisher of scientific and technical works. 

After you leave school, you will want to keep 
abreast of developments in your chosen profession. 
Then one of McGraw-Hill’s many business magazines 
will provide current information that will help you 
in your job. : 


PUBLISHING COMPANY, INC. 


® 


D 330 WEST 42nd STREET 
f NEW YORK 36, N. Y. 


HEADQUARTERS FOR TECHNICAL AND BUSINESS INFORMATION 
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HE tough job of lighting a match in a tornado will 

give you some idea of the problem of firing a jet 
engine on the ground. Even more difficult is refiring the 
engine in flight should a flame-out occur—especially at 
high altitude. 


Up there you not only have to reckon with low- 
volatility fuel but with rarefied air rushing through 
your engine at super-hurricane speed. Here, you can be 
certain, is a mixture that violently resists igniting! 

Our Scintilla division at Sidney, N.Y., developed a 
special ignition system with the answer: a super-spark 
hot enough to fry a rock and of sufficient duration to 
fire and refire jet engines quickly. It has worked so 
successfully that, today, Bendix-Scintillat Jet Ignition 
Systems have been selected as standard equipment by 
most of the leading jet engine manufacturers. 


JET IGNITION 


Nation’s Foremost Source 


Bendix-Scintilla is known to engine people everywhere 
as the nation’s top source of supply for ignition equip- 
ment. Most military planes rely on our ignition, and we 
doubt if you can ride on a commercial airliner that isn’t 
sparked by Bendix-Scintilla. Your power lawn mower, 
farm or garden tractor or outboard motor may have 
one of our many types of magnetos developed for such 
applications. Leading automotive manufacturers experi- 
menting with turbojet engines in passenger cars, trucks 
and buses are using Bendix-Scintilla Jet Ignition. 


Continual research and years of practical field oper- 
ation have fitted us to anticipate and solve ignition 
problems; and that’s why engine manufacturers, seeking 
advice, talk to Bendix-Scintilla people. 
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PRINCIPAL DIVISIONS AND BASIC PRODUCTS 


ScINTILLA, SIDNEY, N. Y. 
aviation ignition systems; industrial engine 
magnetos; diesel fuel injection; electrical 
connectors, ignition analyzers. 

RED Bank, EATONTOWN, N. J. 
electron tubes; dynamotors; inverters; 
AC-DC generators. 

BENpDIx Rap1io, Towson, Mp. 
radar; auto, railroad, mobile 
and aviation radio; television. 
EcLIPSE MACHINE, N. Y. 
bicycle coaster brakes, Stromberg* carburetors, 
electric fuel pumps, starter drives. 
ZENITH CARBURETOR, DETROIT, MICH. 
automotive, marine and small engine carburetors. 
BENDIX-SKINNER, DETROIT, MICH. 
micronic filters. 

PaciFic, NORTH HoLLywoop, CALIF. 
telemetering equipment; hydraulic and electric 
actuators; depth recorders; boat steerers. 
BENDIX FRIEZ, TOWSON, MD. 
meteorological instruments, precision instruments 
and recorders. 

BENDIX PRODUCTS, SOUTH BEND, IND. 
automotive brakes, carburetors, power steering; 
aviation brakes, landing gear, fuel metering. 
ECLIPSE-PIONEER, TETERBORO, N. J. 
aviation instruments and components; foundry. 


h MARSHALL-ECcLIPSE, Troy, N. Y. 
h brake blocks, brake lining, synthetic resins. 
° ig ts matc es m CINCINNATI, CINCINNATI, OHIO 
! automatic viscosity regulators, nuclear products. 
d d BENDIX COMPUTER, Los ANGELES, CALIF. 
man-made tornadoes. 
HAMILTON, HAMILTON, OHIO 
jet engine controls and aircraft pumps. 
LAKESHORE, ST. JOSEPH, MICH. 
This chapter is part of the over-all story of Bendix power stecring and automotive devices. 
Aviation Corporation, a story of successful work in develop- ews: Riera. 5: 
ing and making nearly a thousand different products for . era 
scores of basic industries. No doubt some of our products can 
contribute to your business by improv- 
ing your operation and cutting costs. 
Why not write on your company letter- 
head for the interesting digest ‘“Bendix 
and Your Business.”’ 
Engineers: Bendix diversity offers 
unlimited opportunity to both experi- 
enced men and undergraduates. Write BENDIX-ECLIPSE OF CANADA, LTD. 


for the brochure “Bendix and Your Windsor, Ont. 


BENDIX AVIATION CORPORATION , 
Fisher Building + Detroit 2, Michigan {TRADE-MARK 


aviation components. 
MoNnTROSE, SOUTH MONTROSE, PA. 
aviation components. 


PIONEER-CENTRAL, DAVENPORT, IOWA 
aviation instruments and components; 
ultrasonic cleaners. 
YorkK, YORK, PA. 
electronic devices; test equipment. 
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CORMELL SO 
OF ENGINEERS 


107 EAST 481 H STREET 1954-55 NEW YORK 17, N. Y. 
WALTER M. BACON, ELE. ’30, President ........ 510 East 84th St., New York 28, N. Y. 
WILLIAM M. LEONARD, M.E. ’24 Executive Vice-President 

4 Irving Place, New York 3, N. Y. 


Secretary-Treasurer 
431 East 20th St., New York 10, N. Y. 


WALTER L. HARDY, Ch.E. 38 .. 


Recording-Secretary 


2 Russell Road, Fanwood, N. J. 


Delaware Valley Branch 


LEWIS BR. GAT Y, 100 Chestnut St., Phila. 25, Pa. 


New England Branch 


J. RUSSELL CLARKE, JR., M.E. ’25, Vice-Pres ............ Westford Rd., Concord, Mass. 


New Jersey Branch 


JOHN WEIKART, Ch.E. '42, Vice-Pres ............ 714 Woodland Ave., Westfield, N. J. 


Chicago Branch 


CARROLL R. HARDING, Vice-Pres. ........ Merchandise Mart Plaza, Chicago 54, IIl. 


Detroit Branch 


P.O. Box 1628, Detroit 31, Mich. 


St. Louis Branch 


ARTHUR J. LEUSSLER, M.E. ’23, Vice-Pres. ........... . 30 Rio Vista Dr., Clayton 5, Mo. 
Honorury President: S. C. Hollister, Dean of the College of Engineering 


Honorary Vice Presidents: 


C R. Burrows, Director of the School of Electrical Engineering 

N. A. Christensen, Director of the School of Civil Engineering 

H. J. Loberg, Director of the Sibley School of Mechanical Engineering 

F. H. Rhodes, Director of the School of Chemical and Metallurgical Engineering 


Walter M. Bacon 


W. R. Sears, Director of the Graduate School of Aeronautical Engineering 


L. P. Smith, Director of the Department of Engineering Physics 


“The objects of this Society are to promote the welfare of the College of Engineering at Cornell University, 
its graduates, and former students and to establish closer relationship between the college and the alumni.” 


Labor, its leaders, and a few economists, have 
for many years predicted that the mechanization 
(now being called automation) of industry and 
public service would result in fewer jobs being 
available and cause widespread unemployment. 
The tremendous strides now being made in the 
field of automation have intensified these fears 
and considerable opposition to further mechani- 
zation is being expressed. In the past the years 
of unemployment due to automation have proved 
groundless. In those countries where the mech- 
anization of industry was prevented because of 
the pressure of labor organizations economic dis- 
aster in the industries affected has resulted. There 
have been and most likely will continue to be per- 
iods of adjustment with a temporary oversupply 
of certain types of labor in certain geographical 
areas. Even with the expected accelerated trend 
toward automation in the future the fear that it 
will cause widespread unemployment will in all 
probability ayain prove groundless. 

In the opinion of a number of today’s econ- 
omists there will be, in spite of increased auto- 
mation, a definite labor shortage during the next 
twenty years. Several things will contribute to 
this shortage. One of these is the trend toward 
shorter hours, increased vacation periods, and 
additional holidays. Another is a decrease in the 
average number of years worked by an individual 
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due to extended education before starting to work 
and due to earlier retirement. This will increase 
the proportion of non-productive people to pro- 
ductive people and the latter will have to produce 
more. While these reasons will have a definite 
effect the major reason given for a future labor 
shortage is the accelerated increase in population. 
Each year shows an increase in the number of 
children born (over 4,000,000 in 1954) and there 
is every reason to believe that this figure will 
continue to get larger. It is estimated that while 
the total population of this country will increase 
by at least two-fifths in the next twenty years, 
the working population will increase by less than 
a third and this in conjunction with the other 
reasons given above will result in an effective 
increase in the working population of only one- 
fifth or half the increase in total population. This, 
of course, means that every worker will have to 
produce considerably more than he is now pro- 
ducing in order to provide the food, clothing, 
housing, and other needs of the greatly increased 
non-working population. 

If these opinions and beliefs are realistic there 
seems to be no need to fear unemployment due to 
automation. They do, however, point to a neces- 
sity for increased automation in order to prevent 


a real labor shortage. 
W. M. BACON 


THE CORNELL ENGINEER 


4 
: 
: 
| 
= 
a 


of the basic industries in which 
Bendix products play a vital role 


RAILROAD PETROLEUM 


Diversification is an important asset in business. 

Especially so from the viewpoint of the engineer 
because: 

It encourages and promotes freedom of ideas. Keeps 
engineering ingenuity flexible and adaptable. In short, 
gives full vent to an engineer’s creative ability . . . 

While at the same time it provides a healthy, stable, 
secure foundation for both the company and the 
individual to build and expand. 

If diversification in business appeals to you as a 
gece engineer, you'll be greatly interested in the 

endix Aviation Corporation. 

For Bendix is unlike any other company in America 
in its versatility, facilities, experience, range of products 
and different fields of engineering endeavor. Nearly a 


CONSTRUCTION AGRICULTURE 


A SOUND REASON WHY OFFERS TODAY'S 
ENGINEERING GRADUATE AN UNLIMITED FUTURE! 


thousand different products are produced by our 24 
manufacturing divisions. 

As a result, we not only offer a wide choice of 
locations coast to coast but also career-building oppor- 
tunities as broad as your ambition and ability in 
mechanical engineering . . . hydraulic mechanisms . . . 
electronics . . . magnetics . . . computers . . . servo- 
mechanisms . . . radar research . . . metallurgy . . . 
solid-state physics . . . instrumentation . . . radiation 
detection . . . nuclear physics . . . guidance and con- 
trol systems plus many more engineering fields of 
challenge. 

Write for your copy of “Bendix and Your Future.” 
It gives the full story about Bendix, its products and 
employment opportunities. 


BENDIX AVIATION CORPORATION 


Fisher Building © Detroit 2, Michigan 


A Bendix representative will be at your campus soon. Make a note now 
to talk with him. Check your placement bureau for time and date. 
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Ju Memoriam... 


Hannibal Choate 


Mr. Hannibal Choate Ford, foun- 
der of the Ford Instrument Com- 
pany, and inventor of the first 
mechanical brain for controlling 
gunfire, died at 10 p.m. Saturday, 
March 12 at his 1l-acre estate at 
233 Kings Point Road, Kings Point, 
Long Island. He would have been 
78 on May 8th. 

Mr. Ford held more than 50 U.S. 
patents for inventions that revolu- 
tionized modern warfare and led 
to the design of present-day gun- 
fire computers and modern bomb- 
sights. 

But Ford’s work, mainly for the 
military, often was “top-secret.” So 
public fame that might have been 
his was denied him. 

In 1926 Mr. Ford developed an 
anti-aircraft computer with 55,000 
moving parts, which enabled a ship 
to down an airplane. Two years 
ago Admiral Oscar C. Badger, U. S. 
N. (retired) called it “one of the 
most incredible pieces of machine 
design in modern times.” 

Computers used in World War 
II essentially were electronic refine- 
ments of this computer. 

Ford was an inveterate tinkerer, 
an intensive worker who has been 
known to solve problems with a 
slide rule while driving an auto- 
mobile. He used to draw designs 
on his hands whenever he had a 
sudden idea and had no paper han- 
dy. 
On the lawn of his Kings Point, 
Long Island home overlooking the 
sea is a giant bronze eagle equipped 
with a mechanism which permits 
the bird to revolve to face an ap- 
proaching boat. Ford has wired it 
so he can, at the touch of a button, 
turn on a record of authentic eagle 
screams. 

In his home he built and installed 
an elaborate workshop, and such 
items as swinging panels in the 
study, electric window openers, spe- 
cial lighting in the billiard room, 
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Hannibal Choate Ford 


and pre-deep freeze refrigeration 
equipment. In his summer home in 
the Catskills at Olivebridge he de- 
signed and later had installed a 
spiral elevator leading up to the 
top of a tower. 

He was born at Dryden, N. Y., 
May 8, 1877, the son of Abram 
Millard and Susan Augusta (Giles) 
Ford. His father was for many 
years editor and owner of the Dry- 
den, N. Y. Herald, a weekly news- 
paper. 

In 1899 he entered Cornell Uni- 
versity and graduated as an elec- 
trical engineer four years later. 
While at Cornell he worked as 
mechanician in the electrical en- 
gineering laboratory of Sibley Col- 
lege. 

Later he worked on the Hudson 
Tunnel and the Manila (P.I.) 
tramways as an employee of the 
New York City engineering firm 
of J. G. White and Co. From 1906 
to 1909 he worked for the Smith- 
Premier Typewriter Co., during 
which time a number of patents 
were issued to his credit. 

In 1909 Ford assisted Elmer A. 
Sperry in development of the Sper- 
ry gyroscope. When the Sperry 


Ford 


Gyroscope Company was set up in 
1910 Ford was its chief engineer. 
He resigned in 1915 to organize the 
Ford Marine Appliance Corporation 
with a capital of $50,000. Ford held 
the position of vice president and 
general manager. 

A year later the firm was reor- 
ganized as the Ford Instrument 
Company with a capital of $100,- 
000. In 1930 Ford became its presi- 
dent. Starting with about 50 em- 
ployees, the company grew to more 
than 8,000 in World War II. 

Among the more important of 
his early patents were two, issued 
in 1906, covering a system of speed 
control for railways where traffic 
is congested, as in the New York 
City subway system. 

This invention made it possible 
to regulate the speed of a following 
train in accordance with the re- 
quirements of safety, depending on 
its position in respect to the pre- 
ceding train. 

A second group of patents, is- 
sued between 1908 and 1915, covers 
various improvements ‘in typewrit- 
ing machines and_ attachments 
thereto for business purposes. 

The third and largest group, is- 
sued in 1918 and later, covers gyros- 
copic and navigational apparatus 
for ships and many types of in- 
struments and intricate computing 
machines, such as the Ford range 
keeper (patented, March 1, 1921), 
largely used by the U. S. Govern- 
ment for control of gunfire. 

Many other of his inventions, 
some of which were patented and 
the patents later withdrawn, are 
national defense secrets and may 
not be mentioned but they repre- 
sent some of his most outstanding 
work, 

In 1930 Mr. Ford organized the 
Merrill Aircraft Company and de- 
veloped an_ experimental plane 
which was successfully demonstrat- 
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William L. Savacool, C.E. ‘04, 
148-14 Eighty-fifth Drive, Jamaica, 
was honored by the Queens Cham- 
ber of Commerce for fifty years of 
“distinguished public and humani- 
tarian service to the people of the 
County of Queens” during cere- 
monies at the Chamber’s annual 
dinner at the Hotel Commodore in 
New York City. Among the many 
projects originated by Savacool 
during his twenty-eight years as 
chairman of the Borough Planning 
Committee of the Queens Chamber 
of Commerce were: Queens-Mid- 
town Tunnel, LaGuardia and Idle- 
wild airports, Triboro and White- 
stone bridges, and parkways run- 
ning through the borough. Sava- 
cool has also served as director 
and vice-president of the Queens 
Chamber of Commerce, director of 
the Park Association of New York 
City, and director of the Queens 
Botanical Society. He is married 


to the former Mary Eshbach of 
Ithaca (Ithaca College ‘06) and is 
the father of Mary Savacool ‘36 
(Mrs. John W. Saunders). 

John N. Beckley, C.E. ‘07 has 
been named vice-president and 
Eastern district manager of The 
Austin Co., national engineering 
and construction firm. Beckley join- 
ed the company as an estimator in 
1941 and was appointed acting 
district manager in 1945. He was 
assistant general sales manager 
for three years and has been a 
project engineer on important pro- 
grams in the electrical, petroleum, 
and mining industries. He will 
have offices in both New York City 
at 600 Fifth Avenue, and in Ros- 
elle, N. J. 

Raymond T. O'Keefe, Jr., M.E. 
‘10 has been named President of 
the Chicago & West Towns Rail- 
way. He will also continue as gen- 
eral manager, a position he has 


held since joining the company on 
October 1, 1954. Mr. O’Keefe has 
been associated with transporta- 
tion for many years. He served in 
an executive capacity with several 
railroads including the Chicago 
Transit Authority, Chicago Surface 
Lines, Philadelphia Subways and 
Elevated System, and the Seattle 
Transit Company. He is a’member 
of the Western Society of En- 
gineers, the Institute of Traffic En- 
gineers, the American Transit As- 
sociation, and the Union League 
Club of Chicago. 

Oliver Buckley, E.E. ‘14 has been 
awarded the 1954 Edison Medal 
by the American Institute of Elec- 
trical Engineering. He is retired 
president of Bell Telephone Labor- 
atories, Inc., and was given the 
award in recognition of his con- 
tributions to the development of 
the trans-Atlantic telephone cable 
and his service to the government. 
The medal, one of engineering’s 
major awards, was presented Feb- 
ruary 2 at the Institute’s winter 
meeting. Buckley is a member of 
the Engineering College Council, 
and lives at 13 Fairview Terrace, 
Maplewood, N. J. 

(Continued on page 62) 


there is, and we have it! 


facturers, plus Pennsylvania. 
The rest of our tennis items 
presses, covers and shorts. 


workmanship and fast delivery. 


Come to 


Barnes Hall 


Tennis Anyone? 


Soon time to be out on the courts again and 
you'll want to appear with the best equipment 


Rackets are the finest—Dunlop, Wilson, Ban- 
croft and Cortland. Balls by these same manu- 


include shoes, 


Don’t forget our expert restringing service—fine 


The Cornell Campus Store 


by two Frick 
pressors. 
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Frick Company recently completed the engineering 
and installation of a year ‘round comfort air condition- 
ing system for the new office annex of the Fairchild Air- 
craft plant in Hagerstown, Md., where they manufacture 
their famous C-119 Flying Boxcars. 

The cooling load of 245 tons of refrigeration is carried 

“ECLIPSE” 9-cylinder high-speed com- 


For the latest in air conditioning and refrigeration 
engineering and equipment, look to Frick Company, now 
in its second century of service to business and industry. 


The Frick Graduate Training Course in Refrigeration and Air Condition- 
ing, operated over 30 years, offers a career in a growing industry. 


Frick ;: DEPENDABLE REFRIGERATION SINCE 


WAYNESBORO, PENNA. 
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High Temperature 
(Continued from page 8) 

turn means that we must under- 
stand what happens to air mole- 
cules at high temperatures, for that 
will determine the amount of heat 
transferred to the skin of the plane. 
The study of the thermal behavior 
of air of course will be far more 
complicated than that of argon, for 
we shall have to deal not simply 
with the stripping of an electron 
from the atom but with the dis- 
sociation of oxygen and nitrogen 
molecules, and the resulting forma- 
tion of nitric oxide from the free 
atoms and with the ionization of 
a number of different molecules. 
Such studies are just beginning. 

Now let us consider the electro- 
magnetic aspect of the behavior of 
gases at very high temperatures. 
The outstanding fact is that at 
these temperatures a gas becomes 
a very good conductor of electric- 
ity, because the heat produces a 
large number of free electrons. Cer- 
tain theoretical considerations in- 
dicated that the conductivity of 
any gas should rise with the rise 


—Mount Wilson and Palomar Observatory 


Veil Nebula in Cygnus apparently represents a collision between interstellar gas and 
gas expelled by explosion of a supernova. The fine filaments are about 100,000 miles 
thick, suggesting shock waves moving through the rarefied instellar gas. 


in temperature to a limiting value 
which is independent of the chem- 
ical nature of the gas. This was 


Ball Bearing 


Talk about a “quiz whiz”...here’s the ball 
bearing torque tester that’s in a class by itself! 


By simplifying inspection, this Fafnir-developed, slow 
running ball bearing torque tester shrinks the chances of 
error. Unlike some torque testers which require scores of 
readings to produce similar information, the Fafnir Torque 
Tester requires only one revolution of the bearing outer 
ring to record such characteristics as running torque in 
gram-centimeters, bearing defects (if any), where located 
(inner or outer ring), and the presence of dirt or exces- 
sive eccentricities. 

The development of a better means of measuring instru- 
ment bearing torque is but one of many Fafnir contribu- 
tions to the ball bearing industry. The Fafnir Bearing 


Company, New Britain, Conn. 
x. 
BALL BEARING S(¢ 


FA R MOST COMPLETE LINE IN AMERICA 
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confirmed by measurements with 
the shock tube. For example, argon 
at 15,000 degrees becomes so con- 
ductive that a current of 100 am- 
peres per square centimeter will 
flow across one centimeter of the 
gas when the potential difference 
is only one volt. 


Because of its high conductivity, 
a filament of very hot gas behaves 
like a wire in an electric or mag- 
netic field. This is spectacularly evi- 
dent in an astronomical mass of 
hot gas such as the sun. For in- 
stance, during explosions on the 
surface of the sun it has been ob- 
served that prominences (tongues 
of hot gas) eruping from the sun’s 
surface followed magnetic lines of 
force instead of simply following 
the pressure field, as an exploding 
gas on the earth would do. Stimu- 
lated by such observations, Hannes 
Alfven of the Swedish Royal Insti- 
tute of Technology, G. K. Gatchelor 
of Cambridge University, Enrico 
Fermi and S. Chandrasekhar of 
the University of Chicago and oth- 
ers have begun the new study of 
magneto - hydrodynamics — how 
gases (and liquids) move under 
the influence of electromagnetic 
and pressure forces. 

It is plain that an electric current 
will be generated in a highly con- 
ducting gas moving across the lines 
of a force of a magnetic field, just 
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ALUMINUM INDUSTRY 

: WAS BORN ON 

SMALLMAN the alumioum industry consisted of one company— 
STREET Pissburgh. 1c was called The Pittsburgh Reduction Compeny. 


The men of this company had real engineering abilities and 
viewed the work to be done with an imagineering eye. But 
they were much more than that. They were pioneers... 

leaders . . . men of vision. 


A lot has happened since 1888. The country ... the 
company ... and the industry have grown up. Ten new 
territories have become states, for one thing. The total 
industry now employs more than 1,000,000 people— 
and the little outfit on Smallman Street? Well, it’s a lot 
bigger, too—and the name has been changed to Alcoa. 
2 ALUMINUM COMPANY OF AMERICA . . . but it’s still the 
leader—still the place for engineering “firsts”. 


As you prepare to trade textbooks for a position in 
industry, consider the advantages of joining a 


research laboratories from coast to coast. 
These are positions of responsibility in 
production supervision, plant and design 
engineering, industrial research or sales 
engineering. Right now it may be 
quicker than you think from a seat in 
the classroom to your career with _ 
Alcoa. Why not find out? 


- Bet dynamic company like Alcoa—for real job stability 
» \ 
NE: and pleasant working conditions—where good 
i NS men move up fast through their association with 
WA 7 the recognized leaders in the aluminum industry. 
\ 
BR 
BESS 
ESS 
| 
SS 
aes We have fine positions for college graduate 
i engineers—in our plants, sales offices and 
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Your Placement Director will be 
glad to make an appointment for 
you with our personnel represent- 
ative. Or just send us an applica- 
tion yourself. ALUMINUM 
COMPANY OF AMERICA, 1825 
Alcoa Bldg., Pittsburgh 19, Pa. 


Wary 
W 


ALUMINUM 


ALUMINUM COMPANY OF AMERICA 


Vol. 20, No. 7 


‘ 
: 
9 
é 
i 
: 
4 
a 
4 
39 


A Tower of 
Opportunity 


for America’s young 

engineers with capacity for 

continuing achievements in 
radio and electronics 


Today, engineers and physicists 
are looking at tomorrow from the 
top of this tower... the famed 
Microwave Tower of Federal 
Telecommunication Laboratories 
...a great development unit of 
the world-wide, American-owned 
International Telephone and 
Telegraph Corporation. 

Here, too, is opportunity for 
the young graduate engineers of 
America... opportunity to be 
associated with leaders in the 
electronic field ... to work with 
the finest facilities ... to win rec- 


ognition ...to achieve advance- 
ment commensurate with 
capacity. 


Learn more about this noted 
Tower of Opportunity...its long- 
range program and generous em- 
ployee benefits. See your Place- 
ment Officer today for further in- 
formation about FTL. 


INTERESTING 
ASSIGNMENTS IN— 
Radio Communication Systems 
Electron Tubes 
Microwave Components 
Electronic Countermeasures 
Air Navigation Systems 
Missile Guidance 
Transistors and other 
Semiconductor Devices 
Rectifiers * Computers * Antennas 

Telephone and 
Wire Transmission Systems 


Telecommunication 
Laboratories 


A Division of International 
Telephone and Telegraph Corporation 
500 Washington Avenue, Nutley, N. J. 


as it is in the armature of an elec- 
tric generator. On the other hand, 
an electric current in such a fluid 
will produce a magnetic field. Thus 
conducting fluids in nature may 
spontaneously generate magnetic 
fields. The magnetic field of the 
earth is probably created in this 
way by motions of its hot, fluid 
core. And natural magnetic fields 
on a much larger scale have re- 
cently been invoked to explain 
many phenomena in cosmology. For 
instance, Alfven and others have 
suggested that magnetic and elec- 
tric fields in space may accelerate 
the cosmic rays. Chandrasekhar 
and Fermi have proposed that a 
weak magnetic field in our region 
of the Milky Way supplies most of 
the force that prevents our spiral 
arm of the galaxy from collapsing 
under gravity. 

One of the most striking demon- 
strations of the play of high-energy 
gas dynamics in space is the recent- 
ly discovered phenomenon of celes- 
tial radio waves. That these waves 
probably emanate from violent gas 
motions is indicated by several 
items of evidence. When the sur- 
face of the sun is quiet, it emits 
very little radio noise; but when it 
erupts, the disturbed area emits 
about a million times more radio 
energy. Some of the so-called radio 
stars—pin-pointed sources of radio 
energy—are located in regions of 
violent gas motion. One of them 
is the swirling cloud called the 
Crab nebula, which is the gaseous 
remains of a star that exploded 


“Very High Temperatures,” writ- 
ten by Professor Arthur Kantro- 
witz, appeared in the September 
1954 issue of the Scientific Ameri- 
can. Professor Kantrowitz is a pro- 
fessor of aeronautical engineering 
at Cornell, and professor of en- 
gineering physics. Upon complet- 
ing his graduate work at Columbia 
University, he worked as a physi- 
cist with the National Advisory 
Committee on Aeronautics from 
of 1935 to 1946. There he was in 
charge of the gas dynamics section, 
and was instrumental in the de- 
velopment of the supersonic axial 
flow compressor. Professor Kantro- 
witz was a lecturer at the Eighth 
International Congress of Theore- 
tical and Applied Mechanics at 
Istanbul, and is a Fulbright scholar 


About the Author 


900 years ago. Another is a region 
where two galaxies are colliding; 
collisions between the gas clouds 
associated with galaxies should pro- 
duce strong shock waves. The pos- 
sible connection between shock 
waves and the mysterious celestial 
emission of radio energy is a prom- 
ising subject for research. 


Astronomers have been puzzled 
for some time by certain lines of 
luminosity that are found in the 
heavens. Some of these lines are 
believed to show regions where gas 
ejected from the exploding super- 
nova has collided with clouds of 
gas in interstellar space. The Dutch 
astronomer J. H. Oort recently sug- 
gested that the lines of light may 
represent shock waves; he points 
out that their thickness (some 60 
billion miles) is about the size of 
the region one would expect a 
shock front to cover in the thin 
interstellar gas. When Oort made 
his suggestion, no luminous shock 
front had ever been observed in a 
terrestrial explosion. But such a 
luninous line does appear in a 
shock tube where argon is acceler- 
ated to Mach 10. In further support 
of Oort’s theory, the picture clearly 
shows that the most luminous reg- 
ion in the gas is the shock front 
itself, rather than behind the front, 
where we should expect the gas 
molecules to be hottest. The lumin- 
ous shock front in the shock tube 
is still in some respects very puz- 
zling, particularly the fact that a 
brief luminosity sometimes occurs 

(Continued on page 56) 


at Cambridge and Manchester Uni- 
versities. In addition, he holds a 
Guggenheim fellowship. 


Professor Arthur Kantrowitz 
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BRUSHES ~ 


CHEMICALS 


Fiber GLASS 


There are no “blind alleys” at Pittsburgh Plate 


When you join the Pittsburgh Plate Glass organization, 
your opportunities are highly unusual. 

You have the choice of aligning yourself with paint, 
brushes, chemicals, glass, plastics, or fiber glass. Each of 
these industries represents a wide range of products that are 
used in volume throughout the world. The divisions of 
PPG that produce them are much like sound, growing, 
vibrant companies in themselves . . . the kind that offer far 
reaching opportunities. 

Each of these divisions has its full complement of per- 
sonnel from top management to its specialists in many 
fields . . . from technical men in production, engineering, 


Pi 


319 PLANTS, MERCHANDISING BRANCHES, AND SALES OFFICES LOCATED IN 250 CITIES 


power, maintenance and transportation to a first class team 
in business management, marketing, development, sales, 
advertising and promotion. 

Your opportunities therefore can extend not in just one, 
but in several directions. There are no blind alleys at PPG. 

PPG wants good men in varied fields. It has much to 
offer you from the very beginning and all during the time 
you are building your future. 

If you would like to become part of the progressive PPG 
organization, write today for more information. Just address 
Pittsburgh Plate Glass Company, General Personnel Di- 
rector, One Gateway Center, Pittsburgh 22, Pennsylvania. 


PAINTS e GLASS « CHEMICALS «© BRUSHES « PLASTICS ¢ FIBER GLASS 
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Vital link between thought 


paces all military and industrial activity 
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RADIO COMMUNICATION, oldest of the electronic sciences, has 
long played an important role in the thought-action process; yet 
today it is being called upon for capabilities and performance char- 
acteristics far beyond those afforded by the present state of the art. 

Such demands stem from the basic importance of advanced com- 
munication systems in maintaining American military superiority. 

Recognizing this, The Ramo-Wooldridge Corporation is today 
engaged in research and development activities leading to the pro- 
duction of radio communications systems capable of providing the 
information capacity, versatility, range, and reliability necessary to 
insure maximum performance of our weapons systems. 

And yet the challenge is not all military. It is inevitable that the 
application at Ramo-Wooldridge of these advanced modern theories 
and new techniques will lead to significant accomplishments in the 
field of commercial communications as well. 


The Ramo-Wooldridge Corporation 


8820 BELLANCA AVENUE; LOS ANGELES 45, CALIFORNIA 


Engineers and physicists 
qualified to undertake ad- 
vanced work in systems 
analysis and engineering, 
circuit development, trans- 
mitter and receiver engi- 
neering, modulator devel- 
opment, and propagation 
studies are invited to in- 
vestigate the opportunities 
existing in HF and micro- 
wave communications, data 
transmission, facsimile, and 
allied fields, awaiting them 
at Ramo-Wooldridge. 
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College News 


In the age of automation, with 
its electronic data-handling ma- 
chines and high speed computers, 
industry will need a completely new 
kind of manager, according to Prof. 
Anderw Schultz Jr. of Cornell Uni- 
versity. He compares the problems 
of the industrial manager of the 
future with those facing the naval 
line officer of World War II who 
found that “for all practical pur- 
poses the operation of his command 
was in the hands of a communica- 
tions officers locked up in the con- 
trol center.” 

Professor Schultz, head of the 
Department of Industrial and En- 
gineering Administration in Cor- 
nell’s Sibley School of Mechanical 
Engineering, discusses how to train 
these new managers in the March 
issue of Armed Forces Management. 

Automation, he says, will convert 
most of the production and some 
complex machines with many ele- 
ments and with resultant problems 
of planning, integration, and con- 
trol.” Modern electronic equip- 
ment, he adds, by doing comput- 
ing that was not feasible before, 
will solve very complex problems 
of production, personnel, distribu- 
tion and design, once the problem 
is stated in a mathematical, ob- 
jective form. 

“Just as the key operator in the 
plant of the future will be the 
highly skilled maintenance me- 
chanic who will keep the process in 
operation,” he writes, “the mana- 
ger will be highly trained and skill- 
ed in dealing with the complex pro- 
duction and operating procedures.” 


Using the new methods will cut 
across present organizational lines 
and require major changes in the 
training and abilities needed in 
some individual positions in an or- 
ganization. The solutions could be 
a series of staff or “assistant-to” 
positions filled by highly techni- 
cally trained persons, but Profes- 
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sor Schultz doubts that “manage- 
ment which must blindly and ignor- 
antly follow technical recommen- 
dations will long survive.” For- 
merly an engineer’s or manager’s 
decisions could be tested in actual 
operation and corrected relatively 
cheaply, he adds. “In the future, 
the cost of an error will be much 
greater, and a greater effort to make 
correct decisions in the first place 
will be necessary. 

The articles describes the Cor- 
nell department’s program which 
began 50 years ago when the late 
Dean Dexter S. Kimball, foreseeing 
that engineers would become 
leaders of industry, started an elec- 
tive course called “Yorks Admin- 
istration.” Administrative engineer- 
ing students at Cornell receive a 
thorough training in engineering, 
and then take courses in industrial 
organization, statistics, methods en- 
gineering, cost accounting and con- 
trol, and production engineering. 
The subject is not approached 
through a general business course 
with a smattering of engineering 
and science courses, and emphasis is 
on fundamental concepts rather 
than techniques. As elective course, 
students choose such new topics as 


linear programming, statistical con- 
trol, experimental design, and 
courses in other divisions on cam- 
pus—business and public admin- 
istration, industrial and labor re- 
lations, psychology, sociology, eco- 
nomics. 

Students specializing in indust- 
rial engineering spend most of their 
last year in Cornell’s five-year 
course on an actual project sug- 
gested by industries, Professor 
Schultz explains. They work alone 
or in groups numbering from three 
to 18 on problems suggested by 
companies varying in size from 20 
employees to 200,000. 


Engineers’ Day 

In a very few days the engineer- 
ing centers of the Cornell campus 
will throw open their doors to some 
four thousand students and visitors 
interested in the activities of the 
College of Egnineering. This an- 
nual event, Engineers’ Day, to be 
held during the afternoon and ev- 
ening of Friday, April 29, promises 
to be both enjoyable and enlight- 
ening. 

On the program for E-Day will 
be displays and demonstrations pre- 
pared by students in the four 
schools of the College of Engineer- 
ing (Chemical, Civil, Mechanical, 
and Electrical), the Department 
of Engineering Physics, and the 
College of Architecture. The dis- 
plays—accurate samples of current 
projects, subjects of instruction, 
and methods of teaching, are to be 
located in the buildings occupied 
on campus by the participating 
schools, and engineering - student 
guides will be on hand to help 
guests find their ways about. 

The Student Engineering Coun- 
cil, sponsor of Engineers’ Day, will 
present an award to the school or 
group having the display judged 
best and most original. This award, 
together with several other en- 
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gineering prizes, will be announced 
at the Engineers’ Banquet, also an 
annual event, Saturday evening. 
The E-Day trophy was received 
last year by the Civil Engineers, 
who had constructed an excellent 
model of the St. Lawrence Seaway 
Project. Last year’s attractions in- 
cluded also demonstrations by the 
Cornell Rocket Society of the 
launching of a model rocket; dis- 
plays at the E.P. department of 
basic research in such topics as 
transistors and electron microscopy, 
and the Cornell Syncroton in the 
Newman Laboratory of Nuclear 
Studies; and by the E.E.’s, a re- 
markable demonstration of the 
methods of binaural sound, using 
Glee Club. It is expected that the 
recordings made by the Cornell 
E.E.’s, inspired by Phillips Hall, 
their newly-completed building, will 
this year be strong contenders for 
the E-Day prize. 

Engineers’ Day is run in con- 
junction with (and is the larger 
part of) “Cornell Day,” a weekend 
opportunity for prospective fresh- 
men, under sponsership of various 
alumni groups, to see Cornell first- 
hand. The E-Day program, how- 
ever, is not restricted to the four 
or five hundred sub-frosh expected 
to visit here, but is open to the 
public. This year, the Engineering 
Council has elected to set a new 
precedent for E-Day by scheduling 
the event for afternoon as well as 
evening hours, so that area high 
schools will be able to bring in 
bus-loads of interested students to 
attend the proceedings. 

The E-Day program is directed 
in each school (and group) by stu- 
dents other than those who are 
members of the Engineering Coun- 
cil, so that the necessary interest 
and competition may be more wide- 
ly distributed. The general chair- 
man this year is John D. Baldes- 
chwieler, Chem. E. °56. The school 
chairmen are: Chem. E., G. C. 
Cramer 55; E.E., Irwin M. Jacobs 
56; M.E., Charles W. Simmons 
56; C.E. Damon G. Douglas °56; 
E.P., Gordon L. Smith °56; and 
Arch., Andy J. Kaufman °56. The 
publicity manager is Joel Mallin, 
Chem. E., program manager, 
Don R. Badgeley, M.E. °56, and 
banquet chairman, Ken Carlson, 
C.E. ’54. Judging will be in charge 
of Leonard A. Mende, E.E. 755. 

These people and the CorNeLL 
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ENcInekR, take pleasure in inviting 
you “up to the Hill” on April 29 
to take part in Engineers’ Day, 
with the assurance that you will 
find the experience well worth 
while. 


Summer Course Given 
In Electron Microscopy 

The Summer Laboratory Course 
in Techniques and Applications of 
the Electron Microscope will be 
given again this summer from June 
13 to June 25, 1955, by Cornell’s 
Laboratory of Electron Microscopy 
in the Department of Engineering 
Physics. The course, under the di- 
rection of Professor Benjamin M. 
Siegel, will have Professors Cecil 
E. Hall of M.LT. and Robley C. 
Williams of the University of Cal- 
ifornia as guest lecturers this year. 

The course is designed to give 
members an intensive survey of 
basic theory and interpretation of 
results. The registration is limited 
to a small group so that ample 
facilities are available for each one 
to pursue laboratory work in his 
special field. Each may work at an 
introductory or advanced level de- 
pending on his previous experience. 
Further inquiries should be ad- 
dressed to Professor Benjamin M. 
Siegel, Department of Engineering 
Physics, Rockefeller Hall, Cornell 
University, Ithaca, New York. 


—Photo Science 


Dr. Benjamin M. Siegal (left) and Dr. 

Lloyd P. Smith examine one of the elec- 

tron microscopes in Cornell’s Electron 
Microscope Laboratory.” 


The Cornell Society of Engineers: 
How Do We Fly From Here? 

A group of seventy-five Cornell 
engineers was addressed recently at 
a meeting of the Cornell Society 


of Engineers by Mr. William Little- 
wood, M.E. °20, president of the 
Society of Aeronautical Engineers, 
and vice-president of American Air- 
lines, Inc. Mr. Littlewood’s topic 
was concerned with the future of 
the trends in modern aeronautical 
sciences, air transportation, and 
military aircraft applications. 

Littlewood has long been a mem- 
ation field date back to 1927, when 
he joined the Fairchild Engine and 
Airplane Company as _ production 
manager. In 1930, he moved to 
American Airways, Inc., which be- 
came American Airlines, Inc., in 
1934. 

He was born in New York City 
in 1898 and attended Long Island 
Public Schools. He went to Cornell 
University, graduating in 1920 with 
a degree in Mechanical Engineer- 
ing. While a student at Cornell, he 
received the Sibley Prize, a symbol 
of the highest rating in engineerin 
studies for two consecutive years. 

Littlewood has long been a mem- 
ber of the National Advisory Com- 
mittee for Aeronautics, having 
served as chairman of that group’s 
important Committee on Operating 
Problems. He has also been a mem- 
ber of the Aeronautics Committee 
of the Research and Development 
Board, and a consultant to the Air 
Research and Development Com- 
mand. 

Littlewood is a fellow and past 
vice-president of the Institute of 
the Aeronautical Sciences. 

His contributions to SAE are we'l 
known. He was vice-president rep- 
resenting the Air Transport Activi- 
ty in 1945, has been an SAE-desig- 
nated director of the Coordinating 
Research Council, served as a mem- 
ber of the Aeronautics Division of 
the General Standards Committee 
from 1940 to 1944 and was chair- 
man of the Aircraft & Equipment 
Sub-division during that period, 
and has held many other important 
posts. 

As a Cornell Alumnus, Little- 
wood is a director of the Cornell 
Aeronautical Laboratories, has 
served several terms as director of 
the Cornell Alumni Association, and 
is past president of the Cornell 
Society of Engineers. Mr. Little- 
wood’s headquarters, with Ameri- 
can Airlines, are located in Wash- 
ington, D. C. 

The next meeting of the Cornell 
Society of Engineers, scheduled for 
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Progress is a Boeing-career hallmark 


From the earliest days of aviation, Boeing 
engineers have produced an impressive 
number of trend-creating “firsts” —includ- 
ing the 707, America’s first jet transport, 
shown above. 


Boeing’s 38-year history of Research, 
Design and Production progress has con- 
tinuously opened up new career oppor- 
tunities for engineers. Today Boeing 
employs more engineers than even at the 


peak of World War II. 


At Boeing you’d work with engineers 
who developed: The world’s first all- 
metal, 3-mile-a-minute commercial trans- 
port. The first pressurized airliner. The 
first effective four-engine bomber (the 
B-17). Today’s fastest operational 
bomber (the six-jet B-47). The even 
more advanced B-52 eight-jet global 
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bomber, and the 707, America’s first jet 
transport. Boeing engineers continue to 
design “years ahead,” doing research on 
nuclear-powered aircraft. They are also 
developing a new Air Force defense 
weapons system, based on the Boeing 
F-99 Bomarc pilotless interceptor. These 
long-range programs project Boeing prog- 
ress far into the future. 


One measure of the satisfaction of 
Boeing careers is given in the chart 
below. It shows that 46% of Boeing 


engineers have been with the company 


Yeas 10% 20% 30% 40% 50%, 


1964— Roll-out of America’s first jet transport, the Boeing 707 


for five or more years; 25% for 10 or 
more years, and 6% for 15 or more years. 


Here are other advantages: Boeing 
promotes from within and holds regu- 
lar merit reviews to assure individual 
recognition. Engineers are encouraged 
to take graduate studies while working 
and are reimbursed for all tuition 
expense. 

Of technical graduates at Boeing, 28% 
hold Mechanical Engineering degrees, 
24% Electrical, 19% Aeronautical, and 
9% Civil. The remainder is comprised of 
other engineering graduates, physicists 
and mathematicians. 

For further Boeing career information 
consult your Placement Office, or write: 
JOHN C. SANDERS, Staff Engineer — Personnel 
Boeing Airplane Company, Seattle 14, Wash. 


SEATTLE, WASHINGTON WICHITA, KANSAS 
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May 5, 1955, will be addressed by 
S. C. Hollister, Dean of the College 
of Engineering, Cornell University. 


Silent Hoist & Crane 
Annual Essay Contest 

April 25 is the deadline for sub- 
mutting essays in Cornell’s annual 
contest for Silent Hoist and Crane 
Company Maternals Handling 
Prizes of $125, $75 and $50. 

The Wunsch Foundation, Inc., 
established the pmze fund in 1950. 
Awards are for the best three 
papers on materials handling, and 
any student in the College of En- 
gineering at Cornell may compete. 

Profs. R. L. Geer, John C. Geb- 
hard and Robert L. Von Berg form 
this year’s judging committee. Pa- 
pers should be submitted to one 
of the committee. 


Graduecte Scholarship 

A graduate scholarship for soil 
moisture research has been estab- 
lished in the Cornell School of 
Civil Engineering by Armco Drain- 
age and Metal Products, Inc., of 
Middletown, Ohio. 

The scholarship offers $2,500 a 
year for a one-year or two-year pro- 
gram, beginning with the spring 
term in February. It will include tu- 
ition, a stipend, and funds for field 
tests. 

The recipient will also have the 
use of the school’s equipment for 
measuring soil moisture and density 
by neutron and gamma ray scat- 
tering principles. 

Information may be _ obtained 
from Prof. D. J. Belcher, head of 
the Department of Transportation, 
School of Civil Engineering, Cor- 
nell University. 


Thurston Exhibit 

Engineering and manufacturing 
activities of the Proctor & Gamble 
Co., were featured in a special ex- 
hibit at Thurston-Kimball Hall last 
month. 

Built by personnel of Procter & 
Gamble’s Engineering Division, the 
display: (1) depicted with schem- 
atic flow charts, photographs, act- 
ual samples of the products and 
other means the manufacturing 
processes involved in making cer- 
tain P&G products, and (2) feat- 
ured typical functions of the metal- 
lurgical and construction depart- 
ments of the P&G engineering di- 
vision. 
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Students in the fields of engineer- 
ing and the physical sciences may 
be imterested in the Student Aid 
Traimee examination which has 
been announced by the U.S. Civil 
Service Commission for filling posi- 
tions in various establishments of 
the Potomac River Naval Com- 
mand in Washington, D.C., and 
vicinity. These positions, which pay 
from $2,750 to $3,175 a year, are 
fer employment during the school 
vacation periods and during the pe- 
rods for employment of students 
im cooperative courses. 

To qualify, applicants must pass 
a written test and have completed 
courses of study in an appropriate 
held. Full details concerning the re- 
quirements to be met are given in 
Announcement No. 434-1 (53), 
which may be obtained from the 
school placement office. 

Applications will be accepted 
until further notice and must be 
filed with the Board of U.S. Civil 
Service Examiners for Scientific and 
Technical Personnel of the Potomac 
River Naval Command, Building 
37, Naval Research Laboratory, 
Washington 25, D.C. Application 
forms may be obtained from your 
placement office, from most post 
offices, or directly from the U.S. 
Civil Service Commission, Wash- 
ington 25, D.C. 


Lyon Speaks Before Sigma Xi 


Lt. Col. David R. Lyon of the 
Cornell ROTC unit discussed “De- 
velopments  in_ Electronics and 
Guided Missiles in the Armed 
Forces” at an open meeting of 
Sigma Xi on Tuesday (Feb. 8). 

A film from White Sands, illus- 
trating the talk, included unusual 
photographs of the earth and sky 
as they appear from a rocket 76 
miles high. 

Colonel Lyon also discussed 
problems of maintaining and oper- 
ating electronically controlled 
equipment, with its increasing com- 
plexity and capability. 

The officer served with various 
artillery units in World War II, 
was on the staff of the Artillery 
School at Fort Sill and taught and 
did research on communications 
and electronics as used by artillery. 

In the Far East, when hostilities 


begam im Korea, he served with 
the 24th Infantry Division as a 
communications officer and unit 
commander. Reassigned to the 
Theatre’s general staff in Tokyo, 
he served under Generals MacAr- 
thur, Ridgeway and Clark, and, 
then, joined the Cornell unit in 
1952. 


Prof. Meserve at Sidney 

Prof. Wilbur E. Meserve of Cor- 
nell’s School of Electrical Engi- 
neering is lecturing on servome- 
chanisms at the University of Sid- 
ney and New South Wales Univer- 
sity of Technology in Sydney, Aus- 
traha, from February to Septem- 
ber 1955, under a Fulbnght grant. 

Professor Meserve is a graduate 
of the University of Maine and 
taught there before coming to Cor- 
nell in 1926. Included in his in- 
dustrial experience is research on 
mercury-are rectifiers for Brown- 
Bovert Company. Professor Mes- 
erve is a member of the American 
Institute of Electrical Engineers 
and has contributed to numerous 
technical journals. 


Speaker on British Aviation 

Captain ]. Laurence Pritchard, 
a pioneer in British aviation, spoke 
in Olin Hall on Thursday, Feb, 10. 
His illustrated lecture, “From Gas 
Balloons to Gas Turbines,” was 
open to the public and quite in- 
formative. 

Captain Pritchard began writing 
about aeronautical problems in 
1909, the year the Wright brothers 
first visited England and two years 
after he received an honors degree 
in mathematics from Cambridge. 

During World War I he was in 
the Royal Naval Air Service and 
in 1919 he became editor of the 
Journal of the Royal Aeornautical 
Society and a member of its coun- 
cil. 

He was secretary of the society 
from 1925 until 1951, and also help- 
ed to establish the Institute of 
Aeronautical Sciences in the United 
States, working closely with Cor- 
nell’s Vice President T. P. Wright 
and others. 

He is co-author of “Aeroplane 
Structures” (1922), the first Eng- 
lish language textbook on airplane 
structural analysis. He has written 
numerous articles in this field and 
is working on a history of the 
Royal Aeronautical Society. 
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uperimposed over this man’s head is the matrix (or heart) of RCA Electronic “‘Memory.” See description below, 


New RCA Masnetic ‘“‘Memory”’ recalls 
thousands of facts in a fraction of a second 


Each dot you see in the squares above 
is actually a magnetic “‘doughnut” 
so tiny that it barely slides over a 
needle point. Despite its size, how- 
ever, each “‘doughnut” stores away 
one bit of information for future ref- 
erence. And 10,000 of them fit on a 
framework smaller than the size of 
this page! 

Here are the cells of the RCA mag- 
netic ““memory”’ that is the key ele- 
ment in virtually all high-speed elec- 
tronic computers. The greatest signif- 
icance of this ‘““memory’’ is its ability 
to deliver, in a few millionths of a sec- 


ond, any information it holds. 

Almost instantly, an insurance 
company can process a claim. Just 
as fast, a manufacturer with inven- 
tories spread around the country can 
determine what products are making 
money —and where. 

With such ‘‘memories,”’ electronic 
computers predict accurately the 
next day’s weather for the nation, 
using data on atmospheric pressure, 
temperature, and wind velocity from 
every part of the United States. 

The leadership in electronics that 
created this man-made RCA “‘mem- 


ory”’ is responsible for one achieve- 
ment after another in television, 
radio, radar and other RCA products. 


WHERE TO, MR. ENGINEER? 


RCA offers careers in research, 
development, design, and manu- 
facturing for engineers with 
Bachelor or advanced degrees in 
E.E., M.E. or Physics. For full 
information, write to: Mr. Robert 
Haklisch, Manager, College Re- 
lations, Radio Corporation of 
America, Camden 2, N. J. 


RADIO CORPORATION OF AMERICA 
ELECTRONICS FOR LIVING 
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| WHAT A DIFFERENCE 
a Few Years Make at MARTIN! 


IN 1941, EDWARD E. CLARK WAS A JUN- 
IOR AERODYNAMICIST. SINCE 1951, HE 
HAS BEEN MANAGER OF THE AERODY- 
NAMICS DEPARTMENT. Opportunity awaits 
YOU during the next decade at Martin. 


IN 1940, HERMAN PUSIN WAS A STRESS 
ANALYST. SINCE 1950, HE HAS BEEN 
MANAGER OF THE STRUCTURES DE- 
PARTMENT. Opportunity awaits YOU during 
the next decade at Martin. 


... at Martin, where progress toward responsibility is con- 
sidered as important as development of specialized skills. 
You'll be assigned challenging work from the beginning— 
and encouraged to build your own career in an accelerated 
dual program for technical and administrative growth. At 
Martin, each engineer is an individual with a recognized 
personal goal. 


ENGINEER 
YOUR OWN 
CAREER 


48 THE CORNELL ENGINEER 


: 
i 
| 
| 
} 
| 
| 
\ 
; 
| 
| 
¢ 
i 1 
j 
4 


IN 1943, JAMES H. BENNETT, JR. WAS A 
JUNIOR ENGINEER. SINCE 1953, HE HAS 
BEEN MANAGER OF THE ELECTRO- 
MECHANICAL DEPARTMENT. Opportu- 
nity awaits YOU during the next decade at 
Martin. 


IN 1942, WELCOME W. BENDER WAS A 
VIBRATION ANALYST. SINCE 1952, HE 
HAS BEEN MANAGER OF THE ELEC- 
TRONICS DEPARTMENT. Opportunity 
awaits YOU during the next decade at Martin. 


Current position vacancies in Engineering at 
The Glenn L. Martin Co. include the listings be- 
low. This year’s candidates for AE, ME, EE and 
CE degrees are especially invited to apply. 
WRITE 


AT ONCE 
to 


Aerodynamics Propulsion 


Airframes and Structures Electronics 


Control Systems 
Armament 
Nuclear 
Hydrodynamics 


Servo Mechanisms 


Vol. 20, No. 7 


Mechanical Design 
Thermodynamics 
Instrumentation 
Dynamics 


Electrical 


JOHN M. HOLLYDAY 
P.O. BOX 988 


FETE 


BALTIMORE+ MARYLANO 
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Technibriefs 


As aircraft and missile speeds be- 
come greater, the problems of the 
aeronautical engineer become mani- 
fold. 

The design of wind tunnels for 
testing models at speeds faster than 
sound and the prevention of “flut- 
ter” in high speed airplane and 
missile wings and tail surfaces are 
but two of countless difficult prob- 
lems that must be solved if the 
United States is to maintain its 
lead in aircraft development. 

These two problems are discussed 
in the current issue of RESEARCH 
TRENDS, quarterly publication of 
Cornell Aeronautical Laboratory, 
Inc. 

King D. Bird in an article titled 
“Wind Tunnels Have Walls” points 
out that even before the Wright 
brothers’ first flight the first low 
speed wind tunnels were built. 

“The modern high speed wind 
tunnel is a far cry from its primi- 
tive ancestor with regard to size 
and complexity; yet its basic role 
is still to provide a_ controlled 
stream of air in which a scale model 
may be placed.” 

“The validity of tests run in a 


wind tunnel depends on the prin- 
ciple that moving air past a sta- 
tionary model yields the same forc- 
es as those that would act on a 
model if it were moved through the 
air as in actual free flight. Missiles 
and airplanes can be effectively en- 
gineered only if accurate data are 
available.” 

When the air moves past the 
model a shock wave is created 
which is reflected from the wind 
tunnel walls back onto the model. 
The effects of these wall reflections 
have no counterpart in actual 
flight, thereby invalidating the test 
data. This is particularly true dur- 
ing transonic testing, the author 
reported. 

The Cornell Laboratory, in its 
approach to the wave cancellation 
problem, reasoned that the use of 
a porous or perforated wall in wind 
tunnels would result in alternate 
shock and expansion waves being 
reflected from the walls. These 
waves, being of opposite character, 
merge and self-cancel close to the 
wall, reducing reflections back onto 
the model. 

Following successful experiments, 


Model of the twelve-foot Variable Density Wind Tunnel at the Cornell Aeronautic 
Laboratory. 
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a 4-foot perforated transonic throat 
was made to fit the Laboratory’s 
12-foot Variable Density Wind 
Tunnel, and it has been operating 
successfully for two years. 

Walter P. Targoff in his article 
on “Flutter” states that under cer- 
tain adverse design and speed con- 
ditions a self-magnifying oscillation 
arises in wings and tail surfaces. 
After a short time these oscillations 
can become dangerously large and 
the “flutter” may lead to structural 
failure. 

Flutter is very often of an ex- 
plosive character and the transition 
from normal flight to violent, des- 
tructive oscillations may occur in 
less than one second. Despite the 
most painstaking care in the ap- 
proach to the critical speed, after 
the onset of flutter an airplane is 
very likely to be completely des- 
troyed before its speed can be re- 
duced to a safe value. Even under 
the controlled conditions of wind 
tunnel testing, such as that done 
at Cornell Laboratory, it is very 
frequently impossible to prevent 
flutter models from oscillating to 
destruction. 

Mr. Targoff says that the growth 
of theoretical background is being 
outstripped by the rapidly advanc- 
ing speed frontier. He concluded 
that a true solution to the many 
present and future design problems 
cannot be obtained until a sound 
theoretical understanding is avail- 
able of unsteady aerodynamic char- 
acteristics of high speed aircraft 
with low aspect ratio (that is, 
stubby) wing and tail shapes. Typi- 
cal of this stubby design in ad- 
vanced aircraft are the delta and 
sweptback types. 


Reactor for 
Industrial Research 


The first nuclear reactor specific- 
ally for industrial research will be 
constructed this year at Armour 
Research Foundation of Illinois In- 
stitute of Technology, Chicago, af- 
ter approval by the Atomic Energy 
Commission. 

North American Aviation, Dow- 
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Jerry Loucks asks: 


What sort of 
work would I do 
on my first 


assignment 
with Du Pont? 


R. GERALD LOUCKS is currently working toward his M.S. in 
Chemical Engineering at Carnegie Institute of Technology. Jerry 
has served as president of his student chapter of A. I. Ch. E. and 
participated in intramural sports—besides finding time to play 
the trumpet in the R.O.T.C. and Kiltie bands. Right now, Jerry 
is giving a lot of thought to the selection of an employer. 


Charlie Lounsbury answers: 


Pe There is a great variety of first assignments at Du Pont, 

Jerry, depending on a man’s field of training and the gen- 
eral area of work he has selected. For example, I under- 
stand you’re interested in plastics, and you might start in 
development work on plastics, as I did. I worked with a team 
. : of more experienced engineers to increase the capacity of 
neering from Rensselaer Poly. Inst. in 1940. equipment used in producing “Lucite” acrylic molding 
Since then he has taken an M.S. from Carnegie powder. This was a natural prelude to my next major 
ad has been on assignment, where I acted as a liaison between Du Pont’s 
interesting assignments at various Du Pont Design Division and the plant group—on the design of a 


new plant for making another form of “Lucite” plastic. 
naent e Grasselil, Oey 
De Feat’s peso Chemicals Department. Or take research work. Here a new man is generally 


assigned to minor research problems until he becomes fa- 
miliar with the general features and requirements of an 
industrial research program. 


WANT TO KNOW MORE about working with A young man interested in sales may start in a plant or 
Du Pont? Send for a free copy of “Chemical laboratory dealing with the products he will later sell; or 
Engineers at Du Pont,” a booklet that tells he may join a group of trainees to learn selling techniques 
you about pioneering work being done in right from the start. 

chemical engineering—in research, process 

development, production and sales. Write A man aiming for production supervision may first spend a 


to E. I. du Pont de Nemours & Co. (Inc.), year or so in laboratory or plant development work. Or he 
2521 Nemours Building, Wilmington, Del. may start as an operator—in a plant producing nylon or 
“Dacron” polyester fiber, for example. In this way he ob- 
tains firsthand knowledge of his process, and establishes a 
bond of mutual respect with the men he’l! be working with 
on his major assignments later. 


CHARLES W. LOUNSBURY, Jr., worked at 
Du Pont’s Chambers Works for three summers 
before he received his B.S. in Chemical Engi- 


In general, Jerry, a man is chosen for a specific job within 

the scope of his major field of study. His first assignment is 

BETTER THINGS FOR BETTER LIVING . . . THROUGH CHEMISTRY intended to help him make the best use of his abilit‘s as 
WATCH “‘CAVALCADE OF AMERICA”’ ON TELEVISION promptly as possible. 
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REACTOR UTILITY 


Model of the first nuclear reactor for industrial research to be constructed this year 
at Armour Research Foundation of Illinois Institute of Technology in Chicago. 


ney, Calif., has been awarded the 
contract to build the reactor. Con- 
struction is scheduled to begin 
about March 15, with completion 
scheduled by the end of the year. 

Midwestern industries will join 
the Foundation in financing the 
reactor and associated equipment, 
which will cost approximately 
$500,000. The reactor will be part 
of a new research building to be 
located on Chicago’s south side. 

Armour Research Foundation is 
a non-profit organization estab- 
lished in 1936 to serve the research 
needs of industry, government, and 
the general public. Established 
without endowment as an_inde- 
pendently incorporated part of IIl- 
inois Institute of Technology, the 
Foundation is supported solely by 
revenue from its research contracts. 
It has more than 1,100 staff mem- 
bers. 

The Foundation is divided into 
nine departments containing about 
60 sections. The departments are 
Ceramics and Minerals, Chemistry 
and Chemical Engineering, Elec- 
trical Engineering, Heat - Power, 
Mechanism and Dynamics, Metals, 
Physics, Propulsion and Structures, 
and International. The nuclear re- 
actor will be under the supervision 
of the nuclear physics section in 
the Physics Research department. 


52 


improved Friction 
Testing Machine 


Link Engineering Company of 
Detroit, Mich., and T. P. Chase, 
designer of the Chase Friction 
Materials Test Machine, have an- 
nounced the design and develop- 
ment of a new machine for friction 
testing of materials under load, 
such as brake linings, that embodies 
several new concepts in testing and 
machine design. 

The design of the machine is 
based on the fact that if a loaded 
sample of the material to be tested 
is held and made to ride on the 
rim of a revolving drum, at a point 
on the vertical center line, a hori- 
zontal friction force tangent to the 
drum surface will result. 

Because this horizontal frictional 
force is approzimately the same at 
all speeds, a variable speed-cons- 
tant torque power unit must be 
used to power the drum through 
all speeds and loading conditions 
desirable to test the material. The 
revolving drum is mounted on the 
end of a shaft that is mounted in 
self-aligning ball bearings. Between 
these bearings is a flywheel driven 
by two ‘V’ belts. Maximum full 
speed of the shaft is a little more 
than 900 R.P.M. 


One of the important features of 


the new machine is a restraining 
device that has the ability to main- 
tain position of the test sample on 
the verticle centerline of the drum 
regardless of any variation of the 
frictional force. This restraining de- 
vice, pressure sensitive, measures 
and makes a continuous record of 
the characteristics of the material 
when subjected to any desired con- 
dition of operation. 

Another important feature of this 
new method of applying load and 
transmitting friction force to a 
measuring device, is that the posi- 
tion of the loading unit is entirely 
controlled in the friction force line 
of action by the recording of the 
recording unit itself. The loading 
unit is kept within the plane of 
rotation of the force by two ball 
end links which are perpendicular 
to the line of force. This arrange- 
ment insures that there are no 
losses to be considered that would 
affect the recorded friction force. 

Since the heat resulting from the 
work done by such a small test 
piece of friction material is not 
always sufficient to raise the tem- 
perature of the drum to that com- 
parable in brake service, electric 
heating elements have been install- 
ed in a housing surrounding the 
drum. Thermocouples are installed 
in the drum and lining with current 
collector rings made of thermocou- 
ple materials on the drum hub to 
provide for indication of the opera- 
ting temperatures of drum and lin- 
ing. Records of these temperatures 
are kept automatically. 


Blast Simulator Developed 


The largest laboratory device yet 
developed for simulating the blasts 
from bombs has been designed at 
Armour Research Foundation of 
Illinois Institute of Technology, 
Chicago. 

The instrument—called a “shock 
tube”—allows engineers to study 
the effects of blasts without actu- 
ally exploding a bomb. 

The new shock tube, which has 
a diameter of six feet, is considera- 
bly larger than any others develop- 
ed in the country, according to 
the Foundation’s propulsion and 
structural research department. 

The new tube’s significance lies 
in the fact that it enables scientists 
to study blast effects on larger- 
scale models of buildings which 

(Continued on page 56) 
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with DENISON 
hydraulic 


equipment 


AR BELOW THE EARTH is a tremendous 

reserve of crude oil. The problem is how 
to find it. Denison helps the cause by speeding 
the operation of shot-hole rigs. 


These rigs drill holes into which charges 
are dropped. A seismograph records shock 
waves from the explosions and helps geo- 
physicists determine where the oil is. With 
Denison Pump/Motors furnishing power for 
taising the mast and for drill pull-down, one 

company drills 33 holes 

—70-feet deep—ineight 

hours. 

Denison pumps, 

© motors and controls 
supply dependable 
power for countless 
industrial applications. 

For information about 

applications and the 
design of Denison oil-hydraulic equipment, 
write to — 


Denison Pump/ Motor 
used on drilling rig 


THE 
DENISON ENGINEERING COMPANY 
1218 Dublin Road + Columbus 16, Ohio 
Leading Designer and Manufacturer of Hydraulic 
Presses and Components 
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ENGINEERS 
AND 


SCIENTISTS 


You'll find at 
CON VA I R 


A DIVISION OF GENERAL DYNAMICS CORPORATION 


ENGINEERING FOR 
THE FUTURE 


CAREER OPPORTUNITIES EXIST IN: 


AERODYNAMICS 
Aero-Analysis Theoretical Aerodynamics 
Performance Experimental Aerodynamics 


AEROPHYSICS 
Stability and Automatic Control Armament Analysis 
Aero-Electronics Electronic Computing 


PROPULSION 


Propulsion Research Propulsion Development 
Environmental Controls Systems Development 


NUCLEAR PHYSICS 


Theoretical Nuclear Physics 
Experimental Nuclear Physics 


STRUCTURES ENGINEERING FOR AIRCRAFT 


Stress Analysis Flutter and Dynamics 
Structural Research Structural Loads 


DESIGN for AIRCRAFT and NUCLEAR APPLICATION 


Airframe Structures Electrical 
Thermodynamics Electronics 
Mechanisms Equipment Design 
Power Plant Installations 


ENGINEERING TEST 


Flight Test Instrumentation Data Reduction 
Fluid Dynamics—Electronic, Electrical—Structural 


It is required that applicants for these positions have 
formal education in Aeronautical, Mechanical, Civil or 
Electrical Engineering, Physics or Mathematics—or pro- 
fessional experience in one of the fields above. 


At CONVAIR you have an excellent opportunity to do 
graduate work—in plant or in evening college. CONVAIR 
offers liberal travel allowances, paid vacations, excel- 
lent insurance and retirement programs. 


Send Resume to M. L. TAYLOR 
CONVAIR, Engineering Personnel Dept. C-25 
FORT WORTH, TEXAS 


CONVAI!I R 


A DIVISION OF GENERAL DYNAMICS CORPORATION 


FORT WORTH, TEXAS 
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Steel is 2 to 3 times stronger 
than gray iron 


Steel is 2 times as rigid as 
gray iron 


Steel costs a third as much 
as gray iron 


So products properly de- 
signed in steel can be manu- 
factured at savings up to 50% 


WHAT MAKES 
A DESIGNER 
OUTSTANDING? 


O be successful, a designer must 
first know how to develop 
products that are profitable to his 
company. To be profitable, these 
products must meet competition, 
yet be manufactured for low cost. 


By taking advantage of the bene- 
fits of welded steel construction, 
the alert design engineer has un- 
limited opportunities for develop- 
ing new product ideas. He can add 
improvements to present products, 
make them stronger, more service- 
able... while actually reducing the 
cost of production, as in the ex- 
ample shown. 


HOW COST IS REDUCED 


Original cost $83.13 
... Steel design cost 
$39.00. Welded steel ma- 
chine base is 50% strong- 
er... yet weight is cut 
from 269 Ibs. to 176 Ibs. 


It will pay you to keep pace with 
the newest developments in steel 
design. Latest information is in Lin- 
coln Procedure Handbook of Arc 
Welded Design and Practice. Write. 


THE LINCOLN ELECTRIC COMPANY 
CLEVELAND 17, OHIO 


THE WORLD'S LARGEST MANUFACTURER OF 
ARC WELDING EQUIPMENT 
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Carrier Systems 
(Continued from page 14) 


the modulated carrier wave; these 
are the principal components. The 
carrier frequency is therefore sup- 
pressed by this arrangement. 


In most transmission usage, a 
band-pass filter is used to suppress 
all of the above components except 
one of the side-bands, which is 
transmitted. A circuit identical to 
that of Fig. 7 is used at the receiv- 
ing end for demodulation. The two 
voltages applied are now the car- 
rier voltage and the incoming side- 
band. If the lower side-band were 
transmitted, the signal frequency 
applied to the demodulator could be 
represented by Kcos (C-Vt). Sub- 
stitution of this expression in place 
of AsinVt in equation (10) will 
change the first term inside the 
brackets in equation (11) to 

cos [C—(C—V ) ]t—cosVt. 
A suitable low-pass filter will elim- 
inate the other demodulation com- 
ponents and thus produce the de- 
sired voice signal. 


In broad-band carrier systems, 
the varistors are connected as in 
Fig. 10. The operation of this cir- 
cuit is approximated by the two 
circuits of Fig. 11: by the first 
during the positive half of the car- 
rier wave; by the second during 
the negative half. This circuit thus 
approximates a reversing switch. 


Current 


Figure 12. Output Current of Lattice 


Modulator. 


The output wave in the ideal 
case is shown in Fig. 12. The ap- 
proximate equation for this is as 
follows: 

2A 

™(R,+R,) 

[cos (C — V)t 

—cos (C + V)t 

+ 1/3 cos (3C — V)t 

—1/3 cos (3C + V)t 

+ 1/5 cos (5C — V)t 

—1/5 cos (5C + V)t+...] 
(12) 


Thus the lattice modulator cir- 
cuit suppresses both the carrier and 


voice frequencies. Futhermore, the 
side-bands have twice the ampli- 
tude of those produced by the bal- 
anced bridge circuit, as a compari- 
son with equation (11) will show. 
This circuit’s inherent advantages 
of large side-band output and fewer 
unwanted products are very im- 
portant in group modulators, which 
transmit a wide-band. Demodula- 
tion is accomplished by an identical 
circuit, with the same advantages. 

In practice, varistors do not 
function exactly as Figs. 8 and 11 
indicate; they are not infinite-re- 
sistance devices in one direction 
and zero-resistance devices in the 
other, and the transition from high 
to low resistance (Fig. 6) is grad- 
ual, not sharp. Furthermore, exact 
bridge balance can only be approxi- 
mated in practice. 

A new method of modulation, 
which has not found much applica- 
tion in telephone systems up to 
this time, is pulse modulation. In 
this method, the voice signal is 
converted into energy pulses for 
transmission. Translation of these 
signals at the receiving end into the 
original voice signal is possible if at 
least two instantaneous amplitude 
samples are taken for each cycle 
of the highest frequency in the 
signal wave. This method of trans- 
mission permits minimization of 
interference and reduces power con- 
sumption at the transmitter. It 
also allows several signals to be 
transmitted over a single carrier by 


YS Modulating Signal 


oflowno no 
Pulse - Amplitude Modulation 

boning 
Pulse - Width Modulation 

iif f fd 
Pulse - Position Modulation 

Figure 13. Pulse Modulation Methods. 


using the intervals between the 
pulses of one signal to transmit 
those of another signal. 

Three of the possible methods 
of pulse-modulation are illustrated 
in Fig. 13. Pulse-amplitude modula- 
tion employs pulses of equal time 
duration, having amplitudes vary- 
ing with that of the signal wave. 
Both pulse-width modulation and 
pulse-position modulation employ 
pulses of constant amplitude. In 
the first method, the pulse duration 
is proportional to the signal ampli- 
tude; in the second method, the 

(Continued on page 56) 
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Steel 

(Continued from page 22) 
and steel producing district soon 
declined and the Calumet area be- 
came the important iron and steel 
producing area. By the turn of the 
nineteenth century, the Calumet 
area had made a name for itself 
in the iron and steel industry, and 
the next few years would see even 
greater developments. 
Location Favors 
Birmingham Industry 

The Birmingham area develop- 
ment started about 1880. The fa- 
vorable locations of coal for coke, 
iron ore, and limestone, all within 
a radius of a few miles, led to a 
rapid expansion. By the turn of 
the century Birmingham was a ma- 
jor producing center. As in the case 
of the Calumet area, a significant 
future lay ahead for Birmingham. 
Future Holds Potential for 
Continued Progress 

By the opening of the twentieth 
century, the major changes and de- 
velopments of the iron and steel 
industry had all been made, with 
the exception of the invention of 
the electric furnace. With its elec- 
tric arc heat source, the electric 
furnace can be regulated more easi- 
ly than other types of furnaces and 
thus can be used to produce very 
high grade steels and alloys. The 
twentieth century has seen greater 
and more varied uses of iron and 
steel in industry and increased pro- 
duction of iron and steel rather 
than great changes in methods or 
the opening of new steel producing 
areas. 

No one can say what changes the 
future will bring, but whatever 
they may be, we can be sure that 
the production of steel will continue 
to play an increasingly important 
part in our daily lives. 


Bibliography: 

Steel Making in America by Doug- 
las A. Fisher. Published by the 
United States Steel Corporation 
in 1949, 

The First Iron Works Restoration, 
a revision of the pamphlet “The 
Saugus Restoration.” Published 
in 1953 by the First Iron Works 
Association in cooperation with 
the American Iron and Steel 
Institute. 

Series of articles from “Steel Facts” 
between February, 1940 and Ap- 
ril, 1947. 
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Ford 


(Continued from page 36) 


@ ed at North Beach airport (later 


LaGuardia field), N. Y. City, novel 
features of inherent stability. 

He became President and Di- 
rector of the Rawnell Holding Com- 
pany, a real estate concern of Ja- 
maica, N. Y., and a Director and 
organizer of the Jamaica National 
Bank. At its observance of the 
150th Anniversary of the founding 
of the U. S. patent system, the 
National Association of Manufac- 
turers in February 1940 presented 
him with a Modern Pioneer award 
(scroll). 

Mr. Ford retired from active 
work at the Ford Instrument Com- 
pany in 1943. 

He was a life member of the 
American Institute of Electrical 
Engineers and the Army and Navy 
Country Club, Washington, D. C., 
of which he was a founder, and a 
member of the American Society of 
Naval Engineers, Sigma Xi and the 
Engineers’ Club of N. Y. City. 

In politics he was an independent 
Republican. He had a natural love 
for music and a special aptitude for 
mechanics, the latter cultivated as- 


siduously from early childhood. He 
played the flute at school and col- 
lege and in the Kittanning ( Pa.) 
Symphony orchestra. His chief hob- 
by was hand work in nearly all the 
mechanical arts, and he is main- 
tained private workshops in_ his 
winter and summer homes. 

A recent hobby was genealogy. 
He set out to trace the history of 
the Ford’s (and related branches) 
in America and had a card file of 
40,000 relatives. 

In 1953 The Hannibal C. Ford 
Fellowship was established by the 
Ford Instrument Company to hon- 
or Mr. Ford, member of the class 
of 1903 at Cornell University. The 
Fellowship, set up on the 50th an- 
niversary of Mr. Ford’s graduation, 
provides $4,000 for a year’s study 
at the graduate school of Cornell. 

His only survivor is the former 
Katherine Moyer, daughter of 
James Eldredge, of Sharon Springs, 
N. Y., whom he married at Olive- 
bridge, N. Y., July 4, 1918. 

Typical of Ford’s philosophy of 
life was the motto published in the 
Cornell Yearbook the year of his 
graduation: 

“I would construct a machine to 
do any old thing in any old way.” 


Completeness... 


A Key to K & E Leadership 


Graphs and charts to analyze and illustrate an 
endless variety of facts or trends are vital to busi- 
ness men, manufacturers, engineers, architects, 
surveyors, mathematicians, scientists. K&E make 
a complete range of graph forms essential for 


these many differing needs. (Write Keuffel & 


KEUFFEL & ESSER CO. 
New York ” Hoboken, N. J. 
Chicago St. lovis Detroit 
San Francisco * Los Angeles « Montreal 


Esser, Dept. 1254, Hoboken, N.J., for a free book- 
let “Graph Sheets”.) Completeness is one of the 
keys to 

surveying and optic u 
materials, in slide rules and measuring tapes. 


&E leadership in drafting, reproduction, 
tooling equipment and 
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Carrier Systems 
(Continued from page 54) 
pulse position is proportional to 
the signal amplitude. These latter 
two methods, employing constant 
amplitude pulses, allow the use of 
limiting circuits at the receiving 

end and non-linear amplifiers. 
Bell Telephone Laboratories and 
the engineering branches of the 
widespread Bell System are con- 
stantly perfecting modern methods 
and inventing new methods in the 
science of telephony. At the present 
time, the Laboratories are working 
on a system of pulse-code modulz- 
tion which will transmit a voice 
signal by means of what may be 
approximated by an _ automatic 
teletypewriter system. 


Technibriefs 


(Continued from page 52) 
might be exposed to blasts. 

The tube, which has been con- 
structed in Gary, Ind., for the Air 
Force, has an over-all length of 
150 feet. It already has been tested 
and is being put into use for model 
testing. 

In order to get different shock 
wave pressures and durations, the 
tube was provided inter- 
changeable sections of varying 
lengths. 

To absorb the maximum recoil 
force of 600,000 pounds, the foun- 
dation of the tube was designed as 
a slab of reinforced concrete ten 
feet wide, three to four feet thick, 
and 100 feet long with keys ten 
feet wide and six feet deep spaced 
twenty feet apart. 

A certain amount of combustible 
gas is introduced into one section 
of the tube and is confined by a 
light diaphragm. The diaphragm is 
shattered when the gas is ignited, 
and the released pressure wave 
travels down the tube to the test 
section, where a building model has 
been placed. The resulting forces 
are recorded with electronic equip- 
ment. 

Development of shock tubes 
stems from the fact that actual 
bomb tests are expensive, and it 
also is difficult to control the con- 
ditions under which they are con- 
ducted. Laboratory tests can be 
performed much more efficiently 
and over a much wider range of 
target items. 

(Continued on page 62) 


High Temperature 
(Continued from page 40) 
immediately, before the incubation 
period. A considerable body of evi- 
dence indicates that a shock wave 
may push a thin, concentrated layer 
of ions through the gas in which it 
propagates, somewhat in the man- 
ner of breakers propelling driftwood 
on a beach. The electrons accom- 
panyings these ions would be heat- 
ed by friction with the gas, thue 
producing the luminous region just 

ahead of the shock. 

The investigation of the dynam- 
ics of very hot gases not only is 
beginning to unravel many mys- 
teries of our astronomical cosmos 
but also offers some exciting possi- 
bilities in the technology of flight. 
Our present airplanes—rocket or 
jet-propelled—are ultimately limit- 
ed in speed by the gas velocity that 


can be attained by chemical re- 
actions. For practical space flight 
we shall need much higher veloci- 
ties. One possible way to attain it 
is to accelerate gas with magnetic 
forces instead of merely with chem- 
ical combustion. There is no known 
theoretical limit to the propulsive 
impulse obtainable from a given 
mass of gas expelled in this way. 
The electrical energy for accelera- 
tion could be supplied by a nuclear 
reactor. This propulsion device 
would be essentially an_ electric 
motor with a gas replacing the 
usual solid armature. 


It may even be possible to find 
ways to use magneto-hydrodynamic 
forces for control and lift, as well 
as for propulsion, of the ships in 
which man eventually will take off 


into space. 


with 9030 lead. 


AWFABER SHI CASTELL 


the drawing pencil 
with the Master Degrees 


Now is the time to get the 


LiIiFE-LONG 


Your tools of tomorrow should 
be your tools of today. When you graduate and start 
upon your own career you will find that the top 
engineers, architects and designers use CASTELL— 
either the famous wood pencil or LockTITE Holder 


CASTELL is smoother, stronger, lays down greater 
depth of graphite on the drawing. It is uniformly 
excellent in all 20 degrees, 8B to 10H. 


You study in a fine school, taught by outstanding 
professors. Does it make sense to work with inferior 
tools? Order CASTELL, world’s standard of quality, 
from your College Store, stationer or art supply store. 


2H 4 


LOCHTITE 


CASTELL 


AW FABER 


IMPORTED A.W.FABER CASTELL 


PENCIL INC, NEWARK3,N.J. VJ 
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You Get SPEED and ECONOMY OF INSTALLATION with 


CRESCENT 


INTERLOCKED ARMOR POWER CABLE 


Crescent Interlocked Armor Cable provides a flexible metal-enclosed method 
of wiring for power. Speed and economy of installation are the principal advan- 
tages of these cables since they can be placed on easily hung racks or attached 
to building surfaces. This eliminates the fitting of raceways and cable pulling. 
On Secondary circuits much time required in bending and threading conduit can 
be eliminated. Maximum current carrying capacity is secured by the use of the 


Varnished Cambric insulation. 


CRESCENT INSULATED WIRE & CABLE CO. 
TRENTON, N. J. 


“Where Printing Gets Done” 


NORTON 
PRINTING 
COMPANY 


317 East State Street 
ITHACA 
Phone 4-1271 


ENGINEERS ! 


WHAT?—Anything for Engineers 


WHERE?—The Triangle Book Shop 


WHEN?—Immediately out of stock 
or swiftly on order 


WHY?—Because our Engineering Dept. 
is designed solely to help you 


Youlll ng at the 
BAAK SHAP 


Store Hours 8:15 A.M. to 7:45 P.M. 
Monday through Friday 
Saturday to 5:45 P.M. 
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CLASS OF 1955 


SCHOOL OF ELECTRICAL ENGINEERING 


1. Hellyar, W. Jr. 11. Levy, N. 21. Storer, T. 8S. 31. Lincoln, R. A. 
2. Buckman, A. R 12. Finkelstein, R. 22. Gilmour, A. 8. 32. Fryling, J. L. 
3. Bloom, G. M. 13. Coe, D. H. 23. Macomber, W. A. 33. Geduling, D. J. 
4. Schelhorn, A. E 14. Hall, C. C. 24. Weisman, P. 34. Maxwell, D. J. 
5. Mitchell, H. W. 15. Edwards, G. D. Jr. 25. Meurs, E. H. 35. Rynaski, E. G. 
6. Dolmatch, E. B 16. Jones, W. L. 26. Clarke, V. E. 36. Mc Allister, A. 8S. 
7. Bogley, P. C 17. Howell, E. V. 27. Hall, L. D. 37. Wenninger, G. R. 
8. Kern, R. T 18. Sutherland, E. F. 28. Gottesman, A. B. 38. Johnson, D. 
9. Evans, K. R 19. ag R. C. 29. Nesti, A. J. Jr 39. Allen, L. A. Jr. 
10. Logan, J. S 20. Von Biel, H. A. 30. Close, S. W. 

SCHOOL OF Civil ENGINEERING 

CLASS OF 1955 

1. Assifi, A. T. 10. D’Aquino, M. L. 20. Delle Cave, F. A. 30. Chernak, T, N. 
2. Nordenholtz, R. C. 11. Browning, J. H. 21. Schoeck, R. K. 31. Pfister, R. A. 
.3. Bell, BR. B 12. Hershey, K. H. 22. Bernstein, R. 32. Bfody, R. M. 
4. Ball, D. J 13. Nadler, D. 23. Burns, R. E. 33. Cohen A. 
5. Paxton, J. M 14. Felt, J. E. 24. Schlict, R. D. 34. Berkowitz, M. H. 
6. Seelig, H. R. 15. Emery, H. I. 25. Prickett, J. E. 35. La Londe, W. 8. III 
7. Tallman, R. M. 16. Mirusk . 26. Dart, O. K. Jr. 36. Hoffman, 8. A. 
8. Rozensweig, M. L. 17. Christian, C. H. 27. Leon, J. 37. Nice, D. R. 
9. Cohen, A. F. 18. Harvey, W. A. 28. Chaundey, M. Y. 38. Patel, D. N. 

19. Price, J. M. 29. Walker, R. B. 
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A WHIRLPOOL SPIRALS into the inlet of a model pump. This unique picture shows 
how air, a common cause of pumping trouble, was carried into the pump in... 


The Case the Baffled Whirlpoot 


Some time ago, the report reached us that two The solution came with experimentation. A simple 


Worthington vertical turbine pumps installed by one 
of our customers weren’t working right. They deliv- 
ered plenty of water, but vibrated badly and burned 
out bearings. 

The customer asked us to find the trouble fast. 
After checking we knew the pumps were okay, so 
Worthington Research had to answer him. 

First thing we did was build a one-tenth scale 
model of the customer’s installation. The photo 
shows what happened when we started pumping. 

A whirlpool immediately formed between the water 


baffle arrangement in a side channel eliminated the 
whirlpool—and the trouble-making air. 

Chasing the gremlins from pump installations like 
this, boosting the efficiency of heat transfer in air 
conditioners, developing better seals for pumps and 
compressors — these are all in the day’s work for 
Worthington’s busy research engineers. At Worth- 
ington, research ranks right alongside engineering, 
production, and sales to develop better products for 
all industry. 

For the complete story of how you can fit into the 


Worthington picture, write F. F. Thompson, Mgr., 
Personnel & Training, Worthington Corporation, 
Harrison, New Jersey. 4.25C 


surface and the pump inlet. Air, trapped in the whirl- 
pool and carried into the pump, was the villain in 
the case. 


See the Worthington 
Corporation exhibit in 


See the Worthington representative when he visits your campus 
New York City. A lively, 
informative display of 


for industry, business and 
the h k A 


and 40th Street. 
When you're thinking of a good job —think high—think Worthington 


AIR CONDITIONING AND REFRIGERATION + COMPRESSORS » CONSTRUCTION EQUIPMENT + ENGINES + DEAERATORS + INDUSTRIAL MIXERS 
LIQUID METERS - MECHANICAL POWER TRANSMISSION + PUMPS + STEAM CONDENSERS + STEAM-JET EJECTORS + STEAM TURBINES +» WELDING POSITIONERS 
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NO TIME TO 
CALL ROSIE... 


modern first-line jet fighter like the FOF-8 


a 
gar. Even if there were time, they could not be 
silt overnight. And yet, complex as they are, 
1 still designs and builds them in record time. 
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If an enemy struck, there would be no time to make riveters of housewives, 
no time to build over 12,000 fighters as Grumman did Hellcats during 


World War II. Your government believes we must always have the 


airpower to defend us and to strike back instantly. To design and 


build these weapons now and over the next few decades, Grumman 


will need engineers like yourself. 


Grumman, 25 years old this year, offers you many advantages. 


So does long Island as a place to live and play. 


To get the facts, write for your copy of: 


Engineering For Production. 


GRUMMAN AIRCRAFT ENGINEERING CORPORATION 
Bethpage - Long Island - New York 


Designers and builders of the supersonic Tiger, 


transonic Cougar jet fighter, S2F sub-killer, Albatross 


amphibian, metal boats, and Aerobilt truck bodies. 


Engineering Department 
Grumman Aircraft Engineering Corporation 
Bethpage, Long Island, New York 


Name 


University. Grad. Year. 


Street 


City. 
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Technibriefs 


(Continued from page 56) 


Beginners Weld 
By New Method 


A new method of welding that 
eliminates skills normally required, 
and claimed to be as easy as turn- 
ing on a light switch, promises to 
make it possible for the rapidly 
growing number of home fixit- 
yourself and hobby craftsmen to 
work with metals as readily as with 
wood. It is expected that the meth- 
od will also be useful to business 
and service establishments such as 
bakeries, hotels, bottling plants, 
hospitals, body shops, repair shops 
and other users of metal equipment 
and machinery that occasionally 
need a quick, easy method of repair 
or maintenance fabrication. 

The Lincoln Electric Company 
of Cleveland, Ohio, has developed 
the new method, called Selfweld, to 
create a quick, fool-proof method, 
usable by everyone, of joining me- 
tals for repairing and making such 
things as metal furniture, house- 
hold and business equipment, tools, 
toys and automobiles. 

Selfwelding is said to eliminate 
the difficulties that would be en- 
countered normally by the amateur 
in learning the skill of manipulating 
the welding electrode and control- 
ling the arc. The new method em- 
ploys a special welding electrode 
and special electrode holder. To 
make a weld, the tip of the elec- 
trode is simply held against the 
metals to be joined at the point 
where the weld begins, a switch on 
the holder is pressed to fire the 
electrode, and the electrode, as the 
tip is held against the metal, auto- 
matically makes the weld itself. 
The electrode and holder normally 
do the work required of the person 
welding. Locating the beginning of 
the weld, starting the arc, feeding 
the electrode, the electrode angle 
and the travel speed are controlled 
automatically by the design of the 
electrode and holder. A supporting 
leg on the holder can be used to 
help locate and steady the electrode 
on the joint and to control the 
angle of the electrode. The coating 
of the electrode touches the work at 
all times so that the arc length is 
automatically determined. The 
meltoff rate automatically controls 
welding speed. Excellent welds are 
made on the first try, it is claimed. 
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Lincoln Electric Co. 
New Welding Method. 


Oak Ridge Reactor School 
Now Accepting Applications 


Applications for enrollment in 
the 1955-1956 session of the Oak 
Ridge School of Reactor Technol- 
ogy (ORSORT) are now being 
accepted. Enrollments for the 50- 
week course which begins in Sep- 
tember will close on March 14, 
1955. The School is a part of Oak 
Ridge National Laboratory, which 
is operated for the Atomic Energy 
Commission by Union Carbide and 
Carbon Corporation. 

Industrial organizations may en- 
roll a limited number of their tech- 
nical personnel in ORSORT. The 
Atomic Energy Commission, aware 
of the growing need for competent 
nuclear reactor engineers, has made 
this participation possible to en- 
courage nuclear progress in indus- 
try. The tuition is $2,500 for stu- 
dents from industrial firms other 
than A.E.C. operating contractors. 


Students who are accepted will 
have the opportunity of participa- 
ting in a curriculum of an advanced 
type, including courses covering 
classified details of reactor tech- 
nology. Nowhere else can nuclear 
engineering students work on the 
variety of full-scale working react- 
ors and other large units of equip- 
ment that are available for use in 


ORSORT courses. 


Many leading industrial firms, 
realizing the future possibilities of 
atomic energy, have sent students 
to past courses at ORSORT. Fifty- 
two members of the present class 
are industry - sponsored students 
who will return to their own organ- 
izations at the end of the training 
period in August, 1955. 

Additional information on Oak 
Ridge School of Reactor Technol- 
ogy, including the school bulletin 
and the necessary application forms 
may be obtained from: The Di- 


Alumni News 
(Continued from page 37) 

Harold $. Woodward, M.C.E. ‘23, 
Erik B. J. Roos, M.E. ‘32, and Steph- 
en D. Teetor B.C.E. ‘43, were all 
admitted to the partnership of See- 
lye Stevenson Value & Knecht on 
January 1, 1955. The Consulting 
Engineering firm has its offices lo- 
cated at 101 Park Avenue, New 
York, New York and 1711 Connect- 
icutt Avenue, Washington, D. C. 

Vincent Gerbereux, M.E. ‘24 has 
been chosen as General Manager 
of Worthington Corporation's Stan- 
dard Pumps Division at Harrison, 
New Jersey. Mr. Gerbereux, who 
has been with Worthington since 
1924, has been Manager of the 
Centrifugal Pump Division of the 
General Sales Department since 
1951. 

Commander B. Otto Roessler, 
C.E. ‘31, (CEC), USN, is public 
works officer and resident officer 
in charge of construction at the 
Naval Training Center at Bain- 
bridge, Md. His daughter Kay is 
a senior and his son Dick is a 
freshman in high school. Address: 
Qtrs. O, U.S.N.T.C., Bainbridge, 
Md. 


rector, Oak Ridge School of Reactor 
Technology, Post Office Box P, Oak 
Ridge, Tennessee. 


“Noise-free” Light Bulbs 

Development of “noise-free” light 
bulbs for use in television broad- 
cast studios and in motion picture 
studios is expected to improve 
noticeably the audio portion of TV 
programs on home receivers, and of 
sound movies in theaters. 

Most people are not aware that 
light bulbs produce sound as well 
as light, since the sound is so low 
as to be inaudible on the low-watt- 
age bulbs of the type used around 
the house. 

However, TV and movie studios 
require great quantities of light, and 
use many high wattage lamps. In 
these lamps the noise is consider- 
ably greater. In addition, the sound 
is amplified by the metal reflect- 
ors used to concentrate the light. 

In TV and small movie studios, 
the microphone boom must often 
be moved close to the lamps, where 
the noise is picked up. It reaches 
the ears of the listener in the form 
of a hum. 
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More jobs—through science 


From the earth, air, and water come new things for all of us—and new jobs 


THE ELEMENTS OF NATURE are a limitless frontier, a con- 
tinuing challenge to science. Out of them, scientists are 
developing new materials that benefit us all in many ways. 


A CHEMICAL A MONTH The scientists of Union 
Carbide, for example, have introduced an average of 
one new chemical per month for over twenty-five years. 

Some of these have led to the growth of important 
industries, such as plastics and man-made textiles. This, 
in turn, has meant more opportunities, more jobs — in 
construction, manufacturing, engineering and sales, as 
well as in research. » 


IN OTHER FIELDS, TOO, the people of Union Carbide 
have helped open new areas of benefit and opportunity. 
Their alloy metals make possible stainless and other fine 
steels; the oxygen they produce helps the sick and is 


EVEREADY Flashlights and Batteries 
BAKELITE, VINYLITE, and KRENE Plastics 
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UCC’s Trade-marked Products include 
SYNTHETIC ORGANIC CHEMICALS ELECTROMET Alloys and Metals 
PRESTONE Anti-Freeze 

Prest-O-LITE Acetylene 


HAYNES STELLITE Alloys 


essential to the metalworker; their carbon products serve 
the steelmakers and power your flashlight. 

PROGRESS THROUGH RESEARCH—Union Carbide has 
23 research and development laboratories constantly 
working in major fields of science to continue this record 
of product development—and more jobs through science. 


FREE: Learn how ALLoYs, CARBONS, GASES, CHEMICALS, 
and PLASTICS improve many things that you use. Ask for 
the 1955 edition of “Products and Processes” booklet E-2. 


Unton CARBIDE 


AND CARBON CORPORATION 


30 EAST 42ND STREET [I] NEW YORK 17, N. Y. 
In Canada: UNION CARBIDE CANADA LIMITED 


Dynel Textile Fibers LINDE Oxygen 
UNION Carbide NATIONAL Carbons 
ACHESON Electrodes 


63 


PYROFAX Gas 


a 
= = = — = = 
= = = = —— = SS 
= —$ SSS = = = 
=> 
~ ~ 
= 
4 = 
ae 


Once upon a time there lived 
in the South a man who worked 
all day in a stove factory, making 
stoves. He was, in fact, a stover, 
i.e., one who stoves. Now, this 
stover’s boss not only ran the stove 
factory, but also (this was in pre- 
Civil War days) picked up loose 
change by trading in the slave 
market. He kept his spare slaves 
in the basement of the stove fac- 
tory, right under where the stover 
worked. 

One day the boss brought in a 
slave who was sick—had a high 
temperature (106° F) and was de- 
lirious. The slave kept shouting and 
ranting all day, which made it 
very hard for the stover to work. 
So when he, the stover, went home 
that night, his wife said, “My dear, 
you look tired.” 

“So would you look tired,” he 
replied, “if you had been stoving 
over a hot slave all day.” 


* * * 


I used to eat Wheaties for break- 
fast every morning. I'd split open 
the top of the package with a bread 
knife, sprinkle a quantity of the 
cereal in an ordinary oatmeal dish, 
pour in just enough cream, and coat 
the mixture with some plain white 
sugar. It wasn’t so bad when grasp- 
ing the edge of the bed to pull my- 
self out mornings I'd tear it to bits 
under me. I didn’t mind particular- 
ly when the steering wheel of my 
car crumpled under my hands and 
we turned over three times into the 
ditch. I thought it was a good joke 
when I banged the door of my fra- 
ternity house and it fell to the 
ground. But when I tried to kiss 
the only girl I ever loved and broke 


her neck, I went back to Grapenuts. 
* * * 


Engineer’s Test for Good Whis- 
key—Connect 20,000 volts across a 
pint. If the current jumps it, the 
product was poor. If it causes a 
precipitation of lye, arsenic, iron, 
slag, and alum, the whiskey was 
fair. But if the whiskey chases the 
current back into the generator, 
you've got good whiskey. 
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The girl was through with her 
bath and was just stepping onto 
the scales to weigh herself. Her 
husband happened to return home 
at this time and entered through 
the back door. Seeing what his 
wife was doing as he pased the 
bathroom door, he _ exclaimed, 
“Well, dear, how many pounds 
today?” Without turning her head, 
she replied, “I'll take 50 pounds 
today, and don’t you dare pinch 
me with those tongs.” 

* * * 

“Those in the habit of putting 
buttons in the collection plate will 
please use their own buttons and 
not those from the cushions on the 
pews.” 

* * * 

A woman asked a small boy, “Do 
you know how to swim?” 

“Sure,” replied the little boy, 
“when I get the notion.” 

“And when do you get the no- 
tion?” asked the woman. 

“When I get in the water,” re- 
plied the little boy. 

* * * 

A young man contemplating ma- 
trimony wanted to propose and 
didn’t know how, so went to his 
dad for advice. 

“Well, son,” said the old man, “I 
don’t know that I can help you 
much, With me and your Maw it 
happened one Sunday evening, 
when yer Maw and me was asittin’ 
on the sofa. We was just a talkin’ 
along and purty soon yer Maw 
leaned over and whispered in my 
ear and I said, “The hell you are, 
and the next day we were married.” 

* * * 


Engineering students are baffled 
by the fact that often the girls with 
the most streamlined shapes offer 
the most resistance. 

* * * 

Two indians had watched the 
building of a lighthouse on the 
rocky west coast with much inter- 
est. When it was finally completed 
they sat and watched it every night. 
A thick fog came rolling in one 
night and the siren blew contin- 
uously. 


“Ugh,” grunted one Indian to the 
other. “Light shine — bell ring — 
horn blow—but fog came in just 
the same.” 


* * * 


Ship steward to seasick passen- 
ger: “Have a weak stomach, Sir?” 
S.S.P.: “I’m throwing it as far as 
any of them, aint 1?” 
* * * 
CAN YOU READ THIS? 
Sevill dair dego 
Tousin bussis inuro 
Nojo demstrux 
Sumit cousin 
Sumit dux 
* * * 


A woman saw an elephant in her 
yard and immediately called the 
police. 

“Chief,” she said, “there's a 
queer-looking animal out in my 
back yard. He’s picking flowers 
with his tail.” 

“Yes,” said the sergeant, “and 
what does he do with them after 
he’s picked them?” 

“You wouldn’t believe me if 1 
told you.” 

* * * 

A child’s persistent sniffling an- 
noyed a woman standing next to 
him. “Young man,” she said, “have 
you got a handkerchief?” 

“Yeah,” replied the child, “but 
my mother won't let me loan it to 
nobody.” 


* * * 


First co-ed: “I had to change my 
seat at the movie last night.” 
Second co-ed: “My goodness, did 
some fellow get fresh with you?” 
First: “Finally!” 


* * * 


I wish I wuz a kangaroo 

I wish I wuz a clock 

I wish I wuz the orchid stripe 
In sumwun’s sky blue sock. 

I wish I wuz a purple pigg. 
With polkadotted trimming. 

I wish I wuz a zooloo gal 

I wish I wuz in swimming. 

I wish I wuz a mutton legg 

Or qust a legg of lamm— 

Ide gladdly be most ennything 
But this dumm thing I amm! 
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Necklace of Linde Star Rubies and Diamonds worn at the Coronation of H. M. Queen Elizabeth II. 


Man-made gems pertect as 


nature’ finest— 
created with the aid of photographys keen eye 


Linde Air Products Company measures rare 
elements as close as 2 parts in a million 
with the spectrograph to produce 
star sapphires and star rubies more nearly 
perfect than natural gems. 


Wartime instruments called for millions of synthetic 
jewel bearings. But supplies from Europe were shut off. 
So at Uncle Sam’s request, Linde, a division of Union 
Carbide and Carbon Corporation, undertook to create 
sapphires and rubies—with photography filling a role 
in the intricate technology. 

Postwar, Linde went even further. Using the spectro- 
graph, a photographic instrument so sensitive it can 
measure the chemical content of celestial bodies, they 
found just the right trace of rare element to create a 
deep silky star within the stone and thus achieved the 


fabulous Linde “Stars”—man-made counterparts of one 
of nature’s rarest gems. 

This is the way photography is working in small 
companies and large, in laboratories, on production 
lines, in offices and drafting rooms. It is saving time, 
reducing error, cutting costs, improving production for 
all kinds of business and industry. 


Graduates in the physical sciences and in engineer- 
ing find photography an increasingly valuable tool in 
their new occupations. Its expanding use has created 
many challenging opportunities at Kodak, especially in 
the development of chemical processes and the design 
of precision mechanical-electronic equipment. If you 
are a recent graduate or a qualified returning service- 
man, and are interested in these opportunities, write 
to Business & Technical Personnel Dept., Eastman 
Kodak Company, Rochester 4, N. Y. 


Eastman Kodak Company, Rochester 4, N. Y. 
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How will you help to 
sharpen radar’s “eyes ? 


Exact range and accuracy of the radar 
antennas shown here are classified. But 
this can be told—the radio energy trans- 
mitted can light fluorescent lamps 100 
feet away. 

Progress in radar, as in the entire field 
of electronics, has been rapid. At 
General Electric much credit for these 
advances belongs to engineers who are 
recent college graduates. Take, for ex- 
ample, E. B. Carrillo, EE, Pratt Insti- 
tute, ’49, responsible for manufacture 
of servo- and time-sharing systems, and 
G. G. Wilson, EE, N. Y. U., ’48, in charge 
of design and development of remote 
control equipment. 

The work of these young men typi- 
fies GE’s emphasis on young, creative 
engineers from such fields as electrical, 
mechanical, metallurgical and aeronau- 


tical engineering, and from the scientific 
fields of physics and chemistry. Like 
other graduates, Carrillo and Wilson 
were able to increase their engineering 
awareness in the after-graduation G-E 
program of technical assignments. In 
this program, the engineer selects the 
fields, the locations himself. And at 
G.E. you will be able to make real con- 
tributions early in your career in ac- 
tivities ranging from plastics to large 
electrical apparatus, electronics to jet 
propulsion, automation components to 
atomic power. 

For full information on the job at 
G.E. suited to you, consult your college 
placement director, or write General 
Electric Company, Engineering Person- 
nel Section, 1 River Road, Schenectady 
5, New York. TR-2A 


Progress /s Our Most Important Product 


GENERAL @@) ELECTRIC 


